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POTASSIUM S„A L # T S 

By Dr L. Tietjens, Leopoldshall 


GENERAL METHODS FOR THE DETERMINATION OF POTASSIUM 

Of the methods used for the determination of potassiuln, that of 
Fresenius, in which the potassium is separated as potassium platini- 
•chloride, is the most important, and has found general acceptance in 
the potassium salt industry. Amongst other methods, the determina- 
tion of potassium as perchlorate, which has been very thoroughly worked 
■out by Wense 1 and by Caspari, 2 may be regarded as of equal value with 
the older platinum method, a statement substantiated by the <act that 
the International Congress for Applied Chemistry (1903) decided to 
•class it as an international method of determination, together with thd 
Fresenius method. 

A. The Potassium platinichloride method. — I ij tfce separation of 
potassium as potassium*platinichloride by Fresenius’ shortened method, 
-which has been thoroughly worked out by Brecht, 3 the use of «pure 
platinic chloride solution is of the utmost,importance. It must be free 
from platinou^ chloride and oxides of nitrogen, and contain at mbst only 
a small quantity of free* hydrochloric acid. Precautions must also be 
taken to guard against the introduction of other impurities, such as 
.sulphuric acid from impure reagents, and potassium platinichloride from 
-the incomplete washing of recovered platinum from platinum residues. 
The preparation of the platinic chloride solution is desoribed below. 

For the washing of the potassium platinichloride precipitate^ a bso- 

• lute alcohol should invariably be used, because, firstly, whilst potassium 
platinichloride is soluble only to the extent of I : 40,000 in absoliile 

• .alcohol, in 80 per cent, alcohol the solubility increases to 1 125,000; 
and secondly, the double salts of platinic chloride with sodium, calcium’ 
.and magnesium met with *in course of analysis, are at least just as 
.soluble ^the sodium salt is decidedly more soluble) in absolute than 

1 Ik 

1 Z \ angevm Chent.^ 1891, 4, 691. 

2 /bid., 1893, 6, 68 ; cf. also, Kreider, Z. anorg* Chtm 1895, Ow 343,* 

? Z. anal. Chem M 1879, x8, 509. 
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in more dilute alcohol. The observations recorded, theft more correct.' 
results 3 re obtained by the use of So per cent, alcohol ''than with the 
more absolute, must’ be traced to a compensation of errors, due -to a 
hi|jh valufe being obtained for the potassium platinichloride caused 
through impurities in the platinic chloride, being compensated *by the 
greater solubility of potassium platinichloride in 80 per cent, alcohol. 
The proposal made by the “ Verband landw. Versuchsstatioften im 
Deutschon Reiche 35 with regard to the removal of the impurities in the 
potassium* platinichloride grecipitate, viz., by dissolving in hot water 
and filtering off the impurities, can only partially effect £he desired- end, * 
because the precipitate may contain in addition to^platinous chloride 
and insoluble sulphates, barium chloride, arising from the use of an 
excess*in the precipitation of sulphuric acid and potassium platinichloride 
introduced # by the use of an impure platinic chloride solution. Thes-r^ 
impurities are naturally not removed from the dissolved precipitate by 
treatment with hot water. Provided a definite, measured quantity of 
platinic chloride solution is always added, it is simpler to evaporate 
about io c.c. of the platinic chloride solution to dryness, to take up 
and wash the residue with alcohol, and to weigh it ; the impurities in 
the reagent are thus determined, and a proportional weight is then 
deducted from the*veight of potassium "platinichloride found. 
f For the collection of the potassium platinichloride precipitate, either 
a filter paper or a Gooch crucible is employed. In the Stassfurt works 
filter paper i^Jnvariably used, and preference is given to a Swedish 
paper 1 which permits of quick filtration and is at the same time 
sufficiently retentive. JFiltration is generally hastened by suction. 
When frequent daily determinations of potassium have to be carried 
out, thf washing of the precipitates may with advantage be done by 
means of a io litre jar placed about 6o cm. ab$ve the bSnch and fitted 
with a cork, glass tube and rubber tubing, to# which a pinchcock and 
gas jet are attached, instead of by means of an ordinary wash-bottle. 

For the preparation ?>f platinic chloride, waste alcoholic washings 
and potassium^platinichloride precipitates from previous analyses are 
generally used. The alcoholic washings are diluted with one-third of 
their volume of water, and after addition of sodium carbonate heated to 
foiling on the water-bath in a large porcelain dish, and the potassium 
platinichloride to be reduced gradually stirred in. The heating and the 
addition of sodium carbonate must be continued until the liquid above ‘ * 
the reduced platinum is perfectly clear, alkaline, and of a faint yellow 
colour. The solution is then decanted off and the reduced platinum 
purified by boiling with hydrochloric acid and then with water, evapor- 
ating ta coyness on the water-bath, and any organic platinum compounds 
present decomposed by careful ignition. After ignition, the finely 
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. ‘ground platinuA isTxuled once with concentrated nitric acid, the liquid 
decanted off, afcd the platinum dissolved in a large porcelain dish on the 
water-bath by the gradual addition of about four -times its weight of 
warm hydrochloric and nitric acids, in the proportion of fours Q^rts of 
. hydrochloric acid to one part of nitric. When the solution is completed,* 
the liquid is evaporated till a drop taken out on a glass rod solidifies. 
After cooling, the crystalline mass of platinic chloride is taken up with 
water, the solution filtered and diluted so that io c.c. contain i g. of 
platinum (sp. gr. 1*18). Should the solution *be contaminated by 
• platinous chloride or nitric oxide compounds, the former is concerted 
into platinic chloride by heating with fuming hydrochloric acid and a 
small quantity of nitric acid, whilst the latter are removed by alternate 
evaporations with hydrochloric acid and water. 

Platinum residues, either washings or precipitates, m^y also be 
reduced by zinc dust. 

Should scrap platinum be used for the preparation of the chloride, the 
possible presence of iridium necessitates the addition of ammonium 
chloride to precipitate the platinum and subsequent reduction. The 
purity of the platinic chloride solution is best checked against an 
“80 per cent, potassium chloride” prepared from chemically pure 
substances of known composition. • 

B. The Perchloric acid method. — This method possesses the* 
great advantage over the determination as potassium platinichloride in 
being more suitable for the analysis of sulphates, and incoming more 
and more into use in the^ Stassfurt works. The perchlorates of sodium, 
calcium, and magnesium* as well as that of bariimi, are soluble in alcohol, 
so that a slight excess of barium chloride used for the precipitation of 
the sulphates is not disadvantageous. In the platinum method, ym the 
contrary, any excess of bj^rium chloride must f>e avoided, because barium 
platinichloride is decomposed by alcohol. According to Precht, 3 the 
extent of this decomposition is given by the following figures : 


gram-molecule BaCl 2 evaporated 
with the following amounts 
ofPtCl 4 : 

Percentages of the BaCly 
present which separate 
a« insoluble : 

i gram-molecule 

68.0 

*•3 

5 > 

61.3 

*•5 

>) 

53-4 

1.8 


42.0 

2.0 

jj 

29.8 

. 2 *5 

” • 

l6. I 


^ otassium percWorate being of a granular nature, permits .of easy 
nitration, and washing ; further, the evaporation of the precipitates may 
m 1 Z. anal- 18 , 516 .* 
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■. be carried further than in the platinum method without disadvantage/ 

* and is in fact desirable, so as to effect the complete deconfposition of the 

# chlorides int$> perchlorates. The perchloric acid method is also more 
ecbnonjical than the platinum method, and does not give rise tcf tho$e 
Injurious effects which at times occur in working up platinum residue^. 

For jjhe preparation of perchloric acid, potassium perchlorate or 
chlorate is employed. The former always occurs as an impurity in Chili 

• saltpetre^ and is prepared largely from this source. Perchloric acid is 

• prepared according to Casp^ri 1 as follows : — 

Potassium chlorate is heated in a Hessian crucible, i£ cm. high, in a 
brick furnace until the molten mass thickens to a pasty condition show- 
ing the end of the decomposition to perchlorate.. The ground-up melt 
is theft boiled with one and a half times its weight of water, the 

• potassium chloride solution poured off when cold, the residue washed-* 
with cold water to complete the removal of the potassium chloride, 

» and dried. The potassium perchlorate is then converted into perchloric 
acid by decomposition with hydrofiuosilicic acid, according to the 
equation : — 

2 KC10 4 + H 2 SiF 6 = K 2 SiF G + 2 HC10 4 . 

The ^potassium perchlorate is dissolved in about seven times its 
weight of hot watar in a large porcelain dish, and a slight excess of 
^ydrofluosilicic acid stirred in. The boiling is continued until all small, 
hard lumps of potassium perchlorate have disappeared, the evaporated 
water being m§de up by fresh additions. After cooling, the gelatinous 
potassium hydroflfeosilicate is filtered or decanted off, and the solution 
concentrated as far as possible on the water-bath ; after standing in a 
cold place for twenty-four hours, any potassium hyckofluosilicate remain- 
ing in solution along with a^small quantity of potassium perchlorate 
separates out. The solution is then filtered through an ^asbestos filter, 
diluted with an equal volume of water, and any remaining hydrofluo- 
silicic acid and sulphuric acid, which may be present as an impurity from 
the hydrofiuosilicic acid, pfecipitated with barium chloride. When the 
solution has cleared, it is evaporated till all hydrochloric acid fumes are 
driven off and white fumes of perchloric acid appear. On cooling, a 
further* portion of potassium perchlorate and needles of sodium per- 
chlorate separate out, from which the free concentrated acid is filtered 
off. The filtrate is finally diluted with an equal volume of water and 
allowed to stand for from one to two days, during which time any 
remaining barium hydrofluosilicate and baaium sulphate separate out. 
After further filtration the reagent is ready for use. 

Kreider 2 gives the following method for the preparation of perchloric 
acid : — . # * 

One hundred to three hundred g. of sodium chlorate are heated in a 

* 1 7 ft, ciU • 2 Loc. cit. 
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„ glass- retort untfl the evolution of oxygen begins. After* about one to 
two hours the Iholten mass becomes solid, showing that the decomposi- 
tion of chlorate* into perchlorate and chloride is complete. • After cool- 
ing, the mass is washed out into a large porcelain dish, arid trdatgd with 
sufficient hydrochloric acid, to decompose any remaining chlorate. . The’ 
whole contents of the dish are then evaporated to dryness, either on the 
water-bath or over a free flame, being continually stirred during the 
evaporation. The broken-up residue is then treated with an excess of • 
the strongest possible hydrochloric acid ; perchloric acftl and sodium 4 
: chloride are forgied, which are separated by # filtration through a Gooch 
crucible. The filtrate is evaporated on the water-bath until all the 
hydrochloric acid is removed and white fumes of perchloric acid com- 
mence to come off. * 

C. Other Methods for the determination of Potassium. — The * 
separation of potassium as potassium hydrogen tartrate , for a long time 
in vogue at Stassfurt, has been much improved by Frank, 1 Fleischer, 2 « 
and especially by Bayer. 3 To the solution containing potassium, Bayer 
adds sodium carbonate equivalent to the amount of acids present, and 
then acetic and tartaric acids in excess. Absolute alcohol is then added 
to the heated solution until this latter contains 25 per cent, of alcohol. 
After standing for two hours, the cleared solution is Altered off, the pre- 
cipitate freed from sodium bitartrate by washing with 25 per centj 
alcohol, and finally washed with 50 per cent, alcohol. The precipitate 
along with the filter paper are then titrated with Nj 10 sodium hydroxide, 
using phenolphthalein as indicator. 01 

The alum method , 4 which was also used for ^nany years at Stassfurt, 
consists in evaporating the solution of the potassium salt with alum * 
mother liquor until a surface separation *bf the potassium saltjoccurs; 
the solution is* then allowed to crystallise out, and the separated salt 
washed, first with the mother liquor, then with water, dried, weighed, 
and calculated to potassium chloride. 

Rose 5 has proposed the separation of potassium as potassium silica - 
fluoride, by treating the concentrated solution of the potassium salt with 
an excess of pure hydrofluosilicic acid and an equal volume of alcohol. 

. The gelatinous precipitate of potassium fluosilicate is collected on a 
weighed filter paper, washed with 50 per cent alcohol, dried at ioo°, aqd 
weighed. 

The following methods have also been suggested : — The precipita- 
tion of the potassium as ^potassium pier ate , proposed by Hager, 6 as 
potassium, bismuth thiosulphite by Carnot 7 and Campari, 8 and Gay - 

** * 

1 Dingl.folyt.jr., 1867, 183, 40. « J frakt. Chem., 1867, 102, 7. 

* z - anal - Chem., 1870, 9 331. 6 Pharm. Centr., 22, 225. • * 

Chem. Zett., 1893, 17, 686. 7 Comptes rend., 1878, 86, 478. * 

4 Ber s- «■ Hiittenm.'Zeit ., 1866, 273. . 3 Z. aiftzl. Chem., l884f»23, 60. 
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Lussac’s method of determining potassium chloride # by the reduction ii 
temperature produced on dissolving potassium chloride and sodiun 
chloride in ^pter. 

• The following modifications of the platinum method have also beei 
•propo^d*: — • / 

Vogel and Hafcke 1 evade the precipitation of sulphuric acid (ii 
potassiuSi salts containing sulphates) by treating the sulphate? of th 
alkalis vvith a slight excess of platinic chloride, a method previousl; 
suggested hy Finkener. For the analysis of kainite, for instance, 10 g 
of the salt are dissolved in 300 c.c. of water in a 500 c.c. flask, boilec 
and, after cooling the contents, made up to the 500 c.c. mark. Fifty c.< 
(j g.) of the solution are evaporated to dryness in a platinum dish, an< 
after cooling 20 c.c. of a solution of neutral ammonium carbonat 
(SchafFgotsch’s solution) added in order to precipitate calcium aru 
magnesium. The bulky precipitate first formed goes into solution o 
vigorous stirring, a crystalline precipitate separating later. Th 
separation of the calcium and magnesium requires about twelve hour; 
The precipitate is then removed to a small filter paper and washed wit 
10 to 15 c.c. of Schaffgotsch’s solution. The filtrate, after addition of 
few drops of concentrated sulphuric acid, is evaporated to dryness in 
platinufh dish, th^ dish being covered with a clock-glass to prever 
spitting of the contents, due to liberation of carbon dioxide. Th 
‘residue is then gently ignited to remove ammonium salts, dissolved i 
hot water, filtered through a small filter paper into a porcelain dis 
about 10 cm. iff diameter, platinic chloride and some hydrochloric aci 
added, and the whole evaporated to a syrupy consistency. The residu< 
cold crystalline mass is rubbed up finely with 20 tp 25 c.c. of a mixtui 
of 2 p^rts of absolute alcohol and 1 part of ether, filtered through 
Gooch* crucible, and washed until the washings are colourless. Tt 
residue remaining in the crucible, consisting of potassium platin 
chloride and sodium sulphate, after being dried for five to ten minut< 
in a drying oven, is decomposed in a current of hydrogen, the crucib 
being fitted up like a Rose crucible, care being taken that the temper; 
ture does not rise much above 250°. As a rule, the reduction is con 
plete-fn from ten to fifteen minutes • The reduced platinum is washe 
in the same crucible with hot water. The crucible is then dried, ignite 
weighed, and the content of potassium calculated. 

Whilst from a theoretical standpoint nothing can be said again 
this method, it is not so favoured by technical chemists as the old( 
shortened platinum or perchloric acid methods, on account of the mo 
lengthy and complicated manipulation involved. The long timd^iecessa 
(twelve hours) for the precipitation of the calcium ar^ magnesium aloi 
renders *t#e method unsuitable, when, as in the majority of cases, resu 

b Landuo . Versuchsst ., xi., vii., 97. 
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• are demanded *it short notice. It finds its most useful- application in 
the determination of potassium in organic substances. An advantage 
of the method lies in the small amounts of platinic chloride and of 
alcohol used. 

\ Hilgard 1 avoids the direct weighing of the potassium platmf?hlonde v 
and recommends weighing the reduced platinum. For this purpose he 
uses a Small platinum crucible, the lower half of the inside of^ which is 
covered with spongy platinum, prepared by decomposing a few decigrams 
of potassium platinichloride in the crucible, which is inclined and turned 
i during the heating. This layer of spongy platinum renders the reduc- 
tion of potassium platinichloride possibfe at a comparatively low 
temperature. When the reduction is completed, most of the potassium 
chloride is driven off by prolonged, strong ignition. Complete decom- 
position is recognised by adding a few drops of concentrated hydro- 
chloric acid to the cold contents of the crucible, and warming; if a 
yellow coloration is observed, the ignition is repeated after the addition 
of some oxalic acid. The spongy platinum is then thoroughly washed 
by decantation, ignited, and weighed. 

Similarly, in order to avoid weighing the potassium platinichloride 
the decomposition of the double salt may be carried out by reducing 
substances such as formic or ox&lic acids, magnesiuiji or zinc dust, and 
either the separated platinum determined or the chlorine titrated in the 
filtrate. Of the latter methods, that of Fabre 2 simplified by Diamant ^ 
is the most favourable. Fabre reduces the dissolved potassium platini- 
chloride with magnesium powder in warm solution, ^filters off the 
platinum and the excels of* magnesium powder, and estimates the 
chlorine in the filtrate volumetrically. Diamant used zinc dust f the 
reduction then takes place in the cold. T«his obviates the formation of 
insoluble magnesium oxychloride, which ig apt to be formed when 
magnesium is used for l^ie reduction, and which has to be removed by 
addition of sulphuric acid and the excess of acid subsequently neutral- 
ised by calcium carbonate. • 


Lindo-Gladding’s method for the determination of potassium in 
potassium salts, which is much used in the United ^States, has not 
given very satisfactory results in thfe hands of most chemists. 4 fh this 
m^hod the initial conversion of the sulphates in kainite or in other 
potassium salts containing sulphate, into the corresponding chlorides, is 
avoided by taking a measured portion (0-5 g. in solution) and treating 
it with 0*25 g. of sodium jrhloride and a few drops of hydrochloric 
acid, evaporating with 15 c.c of platinic chloride solution (r : 10) 
washing Jrhe residue with alcohol (80 per cent.) till free from sodium 

4 % T 4 Chem '\ ^ 32 , 184. 2 Ch em . Zeit., 1896, 20 , S 02. » IHd m i« 9 S, 22 , 

K SchW£ltZer ’ Z anaL Chem " l 8 3 6 - 35, 6 S 7 ; and, Robinson,/ aJv. CfcE. 
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platinichloride,-and finally with an ammonium chloride solution prepared ; 
as follows : — “ To a solution of ioo g. of ammonium chloride in 500 c.d 
of water 10 g^of potassium platinichloride are added, and after frequent- 
vigorous shaking at intervals during six to eight hours, allowed to 
stand of er night, and filtered.” The potassium platinichloride'is washed 
quite free from sulphates with this solution, then again with 80 percent 
alcohol, and finally dried and weighed. 

For manures of complicated composition containing potassium, 
Schweitzer «and« Lungwitz 1 use a solution of barium oxalate in hydro- 
chloric acid for the precipitation of the sulphuric and phosphoric acids, 
and remove th^ alkaline earths as oxalates and the iron and aluminium 
as # hydroxides by the addition of hydrogen peroxide and ammonia. 
In place of barium oxalate, A. Mayer 2 proposes the use of equivalent 
solutions of barium chloride and oxalic acid ; he adds barium chloride^ 
from a measuring cylinder till no further precipitate is produced, and 
then an amount of oxalic acid corresponding to the barium chloride 
used. 

Gilbert 3 precipitates the potassium with excess of cobaltous acetate 
ind sodium nitrite as potassium sodium cobalt nitrite, washes the pre- 
:ipitate first with a cobalt solution (10 g. crystallised cobaltous acetate 
md 90 gTpure potassium-free sodium nitrite dissolved in water, 25 c.c. 
icetic acid (sp. gr. 1*04) added, and the solution made up to 1 litre), and 
inally with 80 per cent, alcohol. The washed precipitate is then either 
lissolved by warming with hydrochloric acid, or decomposed at 300° and 
he residue takeflf i*p with water. The solution thus obtained is then 
urther treated, as usual, with platinic chloidde dr with perchloric acid. 
Towever accurate this method may be, the lepgthy manipulation 
nvolved, renders it unsuited to*technical purposes. 

The following method istecommended by N^ubauer 4 .----Twenty-five 
.c. ( = 0*5 g.) of an aqueous solution of the potassium salt prepared in 
he usual way, are evaporated nearly to dryness on the water-bath in a 
irge porcelain dish with a slight excess of platinic chloride and a few 
rops of hydrochloric acid. On cooling, the mass is moistened with 
bout 1 c.c. of water, vigorously rubbed with a thick glass rod, and the 
rituratjten repeated after each of thrfce separate additions of 10 c.c. of 
lcohol (93 to 96 per cent, by vol.). After standing covered for half <jn 
our, during which time the precipitate is rubbed up again several times, 
le contents of the dish are filtered through a Gooch crucible lined with 
sbestos. The whole of the precipitate is jvashed on to the crucible 
ith alcohol, the alcohol washed out with ether, and the ether finally 

1 Chem, ZeiL, 1894, 18, 1320. 2 Z. an aL Chem., 1897, 36, 159. 

3 I nauguml^dissertation, Tubingen, 1898 : Bte Bestimmung des Kaflums nach quantitative r 

bscheidung desse/ben a/s Kaliumnatrmmkobaltnitrit . 
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emoved by di%wing through air. The potassium platinichloride is then 
educed by htating the crucible (fitted up as a Rose’s crucible *with lid, 
tc.) in a current of coal gas ; the reduction is complete ir^about half an 
our. When cold, the contents of the crucible are moistened with cold 
*ater, and then washed about fifteen times with successive poftions of 
ot water. Suction is then stopped and the crucible filled with 5 P er 
ent. itfttric acid, and kept full of acid by repeated additions during half an 
our. The acid is then pumped off and the platinum washed with hot 
rater, dried, ignited, and weighed. The weight of platinum found 
lultiplied by 0*48409 gives the corresponding weight of potassium as 
[ 2 0 . Although this method possesses points of considerable merit, it 
annot, on account of its complexity, hope to replace the ordinary 
lethods used in the potash industry. 


SPECIAL METHODS OF ANALYSIS 
I.— STASSFURT SALTS 
A. Crude Salts 

Carnallite (mixture of ca*nallite, rock salt, and kieserke), Rock 
ieserite (mixture of carnallite and kieserite), Kaini^e (mixture of kainite 
nd rock salt), Sylvinite (mixture of sylvite and rock salt), “ Hartsafe” 
nixture of sylvite, rock salt, and kieserite). 

For the examination of the crude salts it is wel^ take as large a 
imple as possible. • % 

Determination of Potassium by the Platinuift method. In the Stassfurt 
.boratories, such quantities of the salt^to be examined are weighed 
jt, according to Precht’s proposal, that the calculation of the* content 
r potassium chloride or sulphate from the weight of potassium platini- 
lloride precipitate is*avoided. One mg. of potassium platinichloride 
made to correspond to o* 1 per cent, of potassium chloride or sulphate, 
aking the factors 1 for the calculation of the content of potassium 
lloride, potassium sulphate, or potassium oxide from the potassium 
atinichloride found as 0*3056, 0*4571, and 0*1931 respectively, suitable 
^Itiples of these figures are taken in the original weighings according 
'> to whether the percentage of potassium chloride or sulphate is 
iquired. This plan has the further advantage that the quantity of 
atinic chloride to be added is independent of whether the content is 
tlculated to potassium chforide or to potassium sulphate. 

1 The» factors are based on the results of prolonged experience at Stassfurt, and are in 
;ord with the most accurate data obtained independently by other investigators. The pre- 
>itate obtained is not pure K 2 PtCl 6 , as it retains some combined water, which m rfbt given up, 
en on prolonged heating j on this account the factors are somewhat lower than wouht corre- 
ond to the actual atomic weight, 194.80 for platinum. • # 
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The method of procedure for the determination of potassium • in ; . 
' crude potassium salts is as follows : — 30*56 g. of carnallite or of rock 
. kieserite, or 34*71 g. of kainite, sylvite, or hartsalz, are dissolved in a 500 ' 
£*p. flask "boiling v^ith 300 c.c. of water with addition of 15 c.c. of con- 
centrated hydrochloric acid, and after cooling diluted up to the mark 
Generally^and if the sample is finely ground, 7*640 g. and 8*9275 g. 
respectively suffice for the analysis. It makes no difference whether 
the crude •salts are dissolved in pure water or in water containing 

• hydrochloric? acid, but *as hydrochloric acid must be added before 
■- precipitating thg sulphuric a^id, there is no reason why the addition 

' should be deferred until after dissolving. Fifty c.c. of the solution 
previously filtered, if necessary, are treated in a 200 c,c. flask with 
barium Chloride, as described on p. 536, filled up to the mark after 
•cooling, and # 20 c.c. of the filtrate ( = 0*3056 or 0*3571 g. of substance) - 
.^evaporated on the water-bath in a flat porcelain dish about 10 cm. in 
♦diameter, after addition of a sufficient quantity of platinic chloride. 

• A solution is usually used containing 1 g. of platinum in 10 c.c. For 
, . the above quantities 6 c.c. is more than sufficient ; this excess is to 

be recommended, as it facilitates the washing. During evaporation 
the contents of the dish are frequently agitated and the evaporation 
. continued until the residue is of a syrupy consistency, and hydrochloric 
acid fumes cease to be evolved. On cooling, the contents solidify to a 
crystalline mass. The formation of large crystals of sodium platini- 
chloride should ^e prevented if possible, since they render thorough 
washing more diffi&ilt The residue is first broken down with a flat- 
headed glass rod without addition of alcoho?, then thoroughly ground up 

• with about 20 c.c.. of alcohol, and the washings filtered through a tared 
filter pajjpr previously dried fof about one hour, till constant, at 120° to 
130°, weighed warm, and moistened with alcohol -before filtering. Since 
some kinds of filter paper gain weight (2 to 5 mg.) on moistening with 
alcohol and subsequent drying, it is advisable to moisten the filter with 
alcohol, and then dry and vfeigh it before use. Care must be taken in 
filtering to prevent the liquid from coming in contact with the edge of 
the filter paper. Two or three similarly conducted washings with alcohol 
suffice for the complete removal of tfte soluble platinum double salts. 
This end is more quickly attained if, after the second addition of alcohei, 
the dish with its contents are warmed on the water-bath till the alcohol 
nearly boils. A low result need not be feared from this treatment, since 
by far the greatest part of the substances which could induce a solvent 
action of the hot alcohol on the potassium platinichloride is removed by 
the first cold decantation. The washed precipitate is thep brought on to 

‘ the filter pajper, and after as much alcohol has been pgmped off as pos- 
sible, is pressed between filter paper, dried till constant at 120° to 130°, 
and weighed warm. Twenty minutes generally suffices for the drying. 
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• Before drying, the filter paper is conveniently folded, as shown in Figs. 
147 (front view) and 148 (back view); the possibility of any precipitate 
falling out is thus prevented. One mg. of potassium fdatinichloride 
corresponds to o- 1 per cent, of potassium chloride or sulphate. _ ’ . 



Determination of Potassium by the Perchloric acid method, 13-455 g-« 
of carnallite or rock kieserite, or 15-7225 g. of kainite, sylvite,or hartsalz, 
are dissolved by heating to boiling with 300 c.c. of water and 1 5 c.c. of 
concentrated hydrochloric acid in a 500 c.c. flask, and barium chloride 
added as before. In this method a slight excess of barium chloride does 
not influence the accuracy of*the result, since barium chloride is con- 
verted by perchloric acid into barium perchlorate, which is readily 
soluble in alcohol. For the precipitation of the sulphuric acid the 
quantities of normal barium chloride solution (122 g. of BaC! 2 , 2H 2 0, 
and 50 c.c. of concentrated hydrochloric acid in 1 000 «. 07 required are, for 
carnallite, about 20 to 40 c.c^ and for kainite, <^5 to 80 c.c. After cooling, 
the contents of the .flask are made up to the mark and filtered through * 
a double, dry, pleated filter paper about f8 cm. in diameter. Tjventy c.c. 
of the filtrate (0-5382 or 0-6289 g- of substance) are evaporated on the 
water-bath in a flat, djrk-blue glazed porcelain dish 1 ro cm. in diameter, 
with 5 c.c. of perchloric acid of 1-125 sp. gr., till the smell of hydrochloric 
acid ceases and white fumes of perchlofic acid are evolved. The 
residue when cold is carefully triturated with 20 c,c. of 96 per cent. 

• alcoho1 - After allowing to settle for a short time,* the supernatant 
hquid is filtered through a paper prepared as in the case of the platinum 
method, or through a Gooch crucible. The trituration is repeated twice, 
uslpg 96 per cent alcohol to which 2 per cent, of perchloric acid has been 
added, m, place, of pure alcohol. The residue is then removed on to the 
pager or crucible, and subsequently washed with the mixture of 
^chloric acid and alcohol. The perchloric acid is finally removed from 
t|e filtar and precipitate by washing with the smallest possible quantity 

of pore 96 per cfljt alcohol. The precipitate is then dried anti weighed 
1 the platinum method. • 6 
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One mg. of potassium perchlorate corresponds in this case also to o-x 
per cent, of potassium chloride or sulphate. * 

Determination of Magnesium chloride A The magnesium chloride of 
ca-rnallit^is easily extracted by alcohol, whilst that of kainite is not dis- 
solved. . . A simple method for distinguishing between “ non-carnallitic ”■ 
crude salts-and “carnallitic” salts is based on this difference. 

_ Ten g. of the finely ground crude salt are vigorously shaken for' ten 
minutes itna 250^ c.c. flask with xoo c.c. of 96 per cent, alcohol, and 10 or 
20 c.c. of th£ alcoholic filtrate titrated with Nj 10 silver nitrate solution. 
Those salts which contain moje than 6 per cent, of chlorine soluble in 
alcohol are classed.in as “ carnallitic,” and those containing 6 and less 
per cent, as “ non-carnallitic.”- ■ * ' 

Determination of the Total Magnesium. The following is a very 
xccurate method, introduced by Precht, 2 for the determination of 
h'agnesium salts, and is applicable to kieserite: 10 g. of the finely 
ground crude salt are boiled for not less than one hour in a 500 c.c. 
lask filled to about two-thirds with water ; after cooling, from 50 to 60 c.c. 
>f 2 N potassium hydroxide are added, and, in case of a high content 
)f calcium, an additional 20 c.c. of a neutral solution of potassium 
>xalate (^: 10). The flask is then filled up to the mark, and the solu- 
ion filtered after standing a quarter of an hour. Fifty c.c. of the 
iltrate are then titrated back with N/10 sulphuric acid. An empirical 
orrection of x-2 per cent must be added to the content of magnesium 
ulphate found. 

Volumetric determination of the Sulphuric acid. The method first 
worked out by Wolf Miille*, 8 and later in collaboration with K. Durkes, 4 
or the titration of sulphuric acid by means of benzidine hydrochloride, 
oay be Vised with advantage *in the examination of potassium salts. 
The determinations are reliable, and are quickly and easily carried 
ut ( cf p. 280). . 

Complete Analysis of the Crude Salts 

One ^hundred *g. of the sample are dissolved in about 500 c.c. of 
ater, the solution filtered, and the filtrate and washings diluted to 
litre. One portion of the solution is set aside for the determination 
f the sulphuric acid, and another portion for the estimation of the 
ilcium and magnesium. For the determination of the chlorides of 
le alkalis, 100 c.c. of the solution (=10 g. c*f substance) are acidified 
ith hydrochloric acid, heated to boiling, and the sulphates^ completely 
recipitated in a 500 c.c. flask with barium chloride, avoiding anrexcess 
f the precipitant. The solution is diluted up to the#mark and 50 c.c. 

1 Z , anal , Chem ., 1879, l& 438. 3 Ber ., 1902, 35, 1587. 

2 Ihid . * * 
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(=i g. of substance) evaporated* to dryness to drive off the hydro- 
chloric acid, and then the magnesium chloride decomposed by igniting 
with oxalic acid. After ignition, the residue is moistened with a small 
quantity of ammonium carbonate, so as to convert the c&lc^im oxide * 
•formed into carbonate. The chlorides of the alkalis thus completely * 
freed from calcium and magnesium salts, are dissolved, filtered, and 
the filtrate evaporated and weighed. The potassium chloride contained 
in the mixed chlorides is then estimated either by platinic .chloride or 
by perchloric acid in the usual way. Tl^e weight of mixed chlorides,- 
less the amount of potassium chloride, # gives the content of sodium 
chloride. The # constituents of the crude salts insoluble in water are 
determined by treating io g. of the salt with hot* water, filtering.off 
the insoluble matter on to a tared filter paper, which is theft dried at 
ioo° and weighed. For the determination of water, io g..are weighed 
into a platinum crucible, covered with a weighed quantity of ignited 
lead oxide, and heated with the lid on for ten minutes over a small 
flame to a dull red heat ; the loss after ignition gives the water content. 
Or io g. are ignited, the loss determined, the ignited mass dissolved in 
water, and the dissolved chlorine determined volumetrically, in order 
to find how much magnesium chloride was decomposed by the ignition 
The difference between the chlorine content before and after ignition’ 
allowing for the gain in oxygen, is deducted from the loss on ignition • 
the remainder of the loss is water. ' ' 

In the case of kainite, the calculation of the sahs is effected by 
subtracting from the total quantity of soluble sulphtfric acid the amount 
of sulphuric acid corresponding to the calcium found. The remaining 
sulphuric acid is divided into two parts, and calculated to potassium- 
sulphate and magnesium sulphate in tffif molecular proportion* in which 
these salts are present in kainite and in pferomerite respectively. The 
magnesium not combined as sulphate is calculated as chloride, and 
any remaining potassium is taken as potassium chloride. These 
calculations indicate on the one hand* how much potassium is 

fKSO M ? s a o nit fiR K (^ ° 4 ^ MgS( 2 4 ' M 5 C1 s- 6 H 2°)> and as picromerite 
(K 2 S0 4 . MgS0 4 . 6H 2 0), and on the other hand how much is present as 

potassium chloride. Any sodiunf present is reckoned as sodiuffi^M- 
* hartsalz, in which the water content (up to 5 per cent.) amounts toi3P*W 
Tf ^ Ut ° 1 ne ; thlrd / ° f m kainite, the potassium is reckoned as chloride. 

langbeimte (K 2 S0 4 . 2MgS0 4 ) is present as an impurity, the mag- 
nesium and any calcium are calculated as sulphates, and any excess of 
sulphuric acid as potassium sulphate. In dealing with the examination 
and recbgmtioc of complicated mixtures of salts, the determination of 
the individual constituents does not suffice. In such cases.the amount 

of magnesium chloride soluble in alcohol must be determined and the 

content of carnally deduced therefrom, and a separaZ of Z <Z' 
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stituents by means of specific gravity must also be made. If the indi- 
vidual constituents in the salts of different specific gravity are then 
• determined, th^ composition of the original mixture can be calculated 
from thal^of the different salts. The separation by means of specific 
gravity is carried out by mixing the fairly finely ground mixture of salts" 
with a solution of benzene and bromoform, so proportioned that the 
whole of the salts sink to the bottom of the vessel ; by gradually 
^increasing the specific gravity of the liquid by the addition of bromoform? 
the lighter particles rise successively to the top and can be collected. 

B. Intermediate Products of Manufacture 

• 

The examination of the intermediate products, liquors, residues, etc., 
arising in the working up of the crude salts into concentrated potassium 
salts, is carried out by the methods described above for the crude salts. 
Should these products contain but little potassium and much sodium 
chloride, Finkener’s method of separation may be used with advantage. 
The solution containing the potassium salts is treated, without previous 
separation of sulphates, with only just sufficient platinic chloride to 
precipitate the potassium ; after washing the evaporated residue, the 
potassium platinichloride is reduced and weighed as platinum. 

^ C. Manufactured Products 

i. potassium Chloride. * 

Determination of Potassium by the Platinum method. 7-640 g. of the 
finely ground sample are dissolved and made up to 500 c.c. In the 
case of salts containing more than 0-5 per cent, of sulphuric acid (SO s ), 
the previous conversion of the sulphates into the cerresponding chlorides 
by means of barium chloride containing hydrochloric acid is necessary. 
Twenty c.c. ( = 0-3056 g. of ffhe salt) of the solution or filtrate are then 
evaporated with 5 c.c. of platinic chloride solution. The evaporation 
may be continued*to dryness without risk ; this treatment differs from 
that of the crude salts, since, together with the potassium platinichloride, 
which constitutes the bulk of the residue, only sodium platinichloride ?s 
present, which is more readily dissolved by alcohol when dehydrated 
than when hydrated. 

The further treatment of the residue i» carried out as described 
for' the crude salts. The use of hot alcohol for washing is in this 
instance also to be strongly advocated. One mg. of potessiurrTplatini- 
chloride cer^esponds to o-i per cent of potassium chlowde. 

Determination of Potassium by the Perchloric acid method. 13-455 g- 
of the finely gfound sampfe are dissolved in water ; 3 to 4 c.c. of barium 
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chloride solution containing hydrochloric acid (122 g. BaCL.2H.jO dis- 
solved in waler, and after addition of 50 c.c. concentrated hydrochloric 
acid diluted -to 1000 c.c.) added, and the whole then made up to 500 c.c. 
To 20 c.c. ( = 0-5382 g. of the salt) of the filtrate are added, qpe and a ’’ 
‘half times the quantity of perchloric acid necessary for the decomposi- 
tion of all the salts, the solution evaporated on the water-bath, and the 
residues treated as described under “ Crude Salts.” One mg. of potassium 
perchlorate corresponds to o-i per cent, of potassium chloride. 

Determination of the Sodium chloride fn High percentage Potassium " 
chloride. Th.e following method for the^determinatian of the sodium 
chloride should only be used in dealing with 95 to 99 per cent, potassium 
chloride. It is a modification of the method recommended by Rottger 
and Precht, 1 and depends on the greater solubility of sodium chloride in 
alcohol as compared with that of potassium chloride. Tfye solubilities 
are as follows : — 

At 1 5 0 , 100 parts of alcohol of: — 

90 per cent. 92.5 per cent. 95 per cent, by weight 

dissolve 0*345 0*223 0*146 parts of sodium chloride 

and 0*073 0*043 0*028 parts of potassiurg chloride. 

m 

According to the Rottger-Precht method, 20 g. of the finely ground 
potassium chloride are vigorously shaken for half an hour in a 100 c.c. 
flask with about 80 c.c. of 90 per cent, alcohol. Anj^tnagnesium salts 
present are precipitated by the addition of 0*5 c.d? of a 10 per cent* 
potassium carbonate solutton, the whole again vigorously shaken and 
made up to the mark with 90 per cent, alcohol. Fifty c.c. (=10 g. of 
the salt) are evaporated to dryness in a platinum dish, gently ignited, 
and weighed ; the potassium chloride is determined in the residues, and 
the sodium chloride present in the original salt estimated by difference. 

In order to obviate the prolonged shaking of the salt with 90 per 
cent, alcohol and at the same time to bring about rapid solution of the 
sodium chloride, the following procedure is adopted in the laboratories 
of the German Potash Syndicate : — 

12*5 g. of potassium chloride are dissolved in a 255 c,c. flask by 
bailing with 25 c.c. of water in which about 90 mg, of potassium carbon- 
ate are dissolved. A larger excess of potassium carbonate may bring 
about a partial re-separation of the dissolved sodium chloride, Absolute 
alcohol is added to the hot solution, the whole well mixed, made up to 
the mark, and shaken vigorously for about one minute. One hundred 
c.c. ( = g^g. of salt) of the filtered solution are evaporated to dryness in a 
platinum or porcelain dish, after addition of a few drops of concentrated 
hydrochloric acid to neutralise the dissolved potassium carbonate. The 

• 1 £ Vn, 1885, i8, 2076, * 
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residue is then gently ignited and weighed. In the mi&urfi of potassium 
and sodium chlorides thus obtained, the potassium chlofide is either 
determined by means, of platinic chloride or perchloric acid and the 
sodium chloride ' taken by difference, or the total chlorine content is 
estimated volumetrically by titration with Njio silver nitrate solution, 
and the agiount of potassium chloride and sodium chloride calculated 
indirectly. • * 

Determination of Magnesium chloride or of Magnesium salts in Potas- 
sium chloride. To arrive 3|j: the content of magnesium salts or of 
magnesium chloride in potassium chloride, 25 g. of the salt are dissolved 
in a 500 c.c. flask and 10 c.c. of 2N potassium hydroxide # added. After 
filling up to the mark, shaking and filtering, 50 c.c. of # the filtrate are 
titrated ^vith Nj 10 sulphuric acid. Any calcium compounds remaining 
in solution do not influence the result. 

The precipitation of the magnesium salts by means of calcium 
saccharate, whereby magnesium oxide and not magnesium saccharate is 
formed, may also be used for the determination. This method is 
adopted at the Salzbergwerk Neustassfurt. The procedure is as 
follows : — 

Twenty-five g. of the salt are treated with 150 to 200 c.c. of water in 
a 250 c.c. flask, 25 c.$. of a calcium saccharate solution of known strength 
added, the whole well shaken and diluted to 250 c.c. The bulky pre- 
cipitate of magnesia is filtered off after a short time through a pleated 
filter paper, and 50 c.c. of the filtrate titrated with Njio sulphuric acid, 
using phenolphtSaiein as indicator. 

The calcium saccharal# solution is best prepared by adding 450 g. of 
calcifim oxide and 450 g. of sugar to 7 litres of water ; after shaking 
vigorously for half an hour the*precipitate formed is allowed to settle for 
from two to three weeks, fhen filtered, and a further 450 g. of sugar 
added. Access of air should be avoided bothjn the use and in the 
storage of the solution. 

Determination of Watei*. This determination is carried out in the 
same manner as that described for the crude salts, except that the 
covering layer of lead oxide is only employed in the case of salts rich 
in magnesium chloride. * 

Determination of Insoluble Matter. To estimate the ingredients 
insoluble in water, 10 g. of potassium chloride are dissolved in hot water, 
and the residue collected on a tared filter paper. 

The determinations of Calcium and of Sulphuric acid are carried out 
by the ordinary methods. 

2. Potassium Sulphate. 

General considerations on the analysis of Potassium salts containing 
a high percentage of Sulphates . In* the determination of potassium in 
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compounds containing a high percentage of sulphates, provided the 

potassium is r to be separated as platinichloride or perchlorate, the 
most difficult part of the analysis lies in the precipitation of the 
sulphuric acid by means of barium chloride. In the case of thejplatinum 
method, a small amount (about 0-5 per cent, of SO a ) of unprecipitated 
sulphate does not matter, since, as stated above, an excess, of barium 
chloride is to be avoided at all costs on actount of the decomposition of 
barium platinichloride by alcohol. On the other hand, a small excess of 
barium chloride does not influence the result when the perchloric acid ° 
method is employed. The considerations which hjve been urged 
against the method used at Stassfurt for the precipitation of the 
sulphuric acid are not warranted. If the instructions given below are 
carefully carried out, an easy and complete separation of the ^tilphuric 
acid is effected and accurate results are obtained. In ordej to prevent* 
the possibility of the barium sulphate carrying down any potassium, the 
precipitation is effected in a strong hydrochloric acid solution (122 g, o 
BaCL>, 2H 2 0, with 50 c.c. concentrated hydrochloric acid, diluted to 1000 
c.c.) ; the barium chloride must be free from potassium salts as 
impurities. In the laboratory of the “ Konsolidierte Alkaliwerke zu 
Westeregeln,” the conversion of the sulphates in the crude salts into the 
corresponding chlorides is cartied out in neutral ♦solution as* follows: 

10 g. of carnallite with about 150 c.c. of water are brought to the boil 
in a 250 c.c. flask and precipitated with a neutral solution of 127 *g. 
BaCl 2 ,2H 2 0 in 1 litre (1 c.c. = 5o mg. S 0 4 ), which is run ijj from a burette, 

■ The advantage of using this neutral solution is, that %. direct indication 
is given of the point af whkh complete precipitation of the sulphuric 
acid has taken place. This is shown by the appearance of the Jteam * 
bubbles, which remain transparent untirthe precipitation is Complete 
and then suddenly become opaque. As a precaution, a few more drops 
of barium chloride solution are then added. After cooling, the flask is 
filled up to the mark. The errors arising from ignoring the volume of 
the barium sulphate and from the precipitation being effected in neutral 
solution compensate one another. 

Determination of Potassium by the Platinum method, 8-9275 g, of 
the finely ground sample are dissolved by boiling in 350 c.a of water and 
2Q*c.c. of concentrated hydrochloric acid, in a 500 c.c. flask. To the boil- 
ing solution barium chloride is then run in, drop by drop, from a stoppered 
burette. From the composition of the potassium salt under analysis the 
amount of barium chloride jequired for the precipitation of the sulphuric 
acid is approximately calculated beforehand, so that the greater part of 
the barii^n chloride can be added without testing. The final additions 
are made carefully^ and the solution tested from time to time to* see how 
far the precipitation has proceeded. The complete precipitation of the 
sulphuric acid is most^sharply recognised by adding a crystal of barium 
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chloride to the clear, settled solution and noting whether any milkiness 
is produced. Should a trace of sulphuric acid still be*present, the 
, C1 7 stal P r °duc#s a distinct cloudiness which spreads gradually through- 
out the solution from top to bottom. Any slight excess of barium chloride 
is removed by the addition of a few drops of sulphuric acid. When the 
precipitation is complete and the solution cold, the flask is filled up to 
the mark and 20 c.c. (=0-35^1 g. of the salt) of the filtered sofution 
treated as usual with 5 c.c. of platinic chloride solution (1 : 10). One mg. 

* of potassium 1 platinic chlorid% corresponds to 01 per cent, of potassium 
sulphate. To tljp amount of potassium sulphate found, 0-3 per cent, 
must be added in the case of potassium sulphate (90 to 97 per cent.) j 
no.correction is necessary with potassium magnesium sufphate. 

Det elimination of Potassium by the P erchloric acid method. 15-7225 g. 
'of the salt arp dissolved by boiling in 700 c.c. of water and 30 c.c. of 
concentrated hydrochloric acid in a litre flask ; a 500 c.c. flask is not 
•sufficiently large, on account of the considerable bulk of the barium 
sulphate precipitate. The further manipulation is the same as given 
above, with the exception that a smaller excess of barium chloride may 
be employed, and instead of 20 c.c., 40 c.c. of the filtrate ( = 0-6289 g. of 
the salt) are evaporated with the necessary quantity of perchloric acid. 
One mg. of potassi«m perchlorate corresponds to o-i per cent, of 
potassium sulphate. To the content of potassium sulphate found, 0-3 
per cent, must be added, as above. 

The less in^ortant constituents of the potassium sulphate or 
potassium magnesium sulphate (magnesium, calcium, sodium, sulphuric 
acid, chlorine, water, and iasoluble matter) a*re determined by the usual 
■ methods. 

# * 

3. Potassium Salt Manures. 

The analysis of potassium salt manures doe%not differ essentially 
from that of potassium sulphate. According as to whether the potas- 
sium content is to be expressed as potassium chloride or as sulphate, 
either 15*280 g. (if as chloride) or 17*855 g. (if as sulphate) of the salt 
are taken if the potassium is estimated as platinichloride. Should the 
perchloric acid method be preferred, th£ quantities taken are correspond- 
ingly altered. The potassium salt manures frequently contain a large 
amount of matter insoluble in hydrochloric acid, which renders the end- 
point in" the precipitation of the sulphuric acid difficult to recognise, in 
which cases it is advisable to filter the hydrochloric acid solution before 
precipitating. The procedure, using the platinum method, is then as 
follows : — r •* 

15*284^. or 17*855 g. of the sample are dissolved in water with 
addition of 10 c.c. of concentrated hydrochloric acid in a 500 c.c. flask, 
diluted to the *500 c.c,.mafk, shaken, filtered, and 2jo c.c. ( = 7*640 g. or 
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’8*9 2 75 g. of tfie salt) of the filtrate , precipitated with bstrium chloride, as 
usual, in a 5A0 c.c. flask, made up to 5 00 cx., shaken, filtered, and 20 cx. 
of the filtrate evaporated with 6 cx. of platinic chloride solution (1 : 10). 
No addition to the content of potassium chloride or sulphate^ foufid. is * 
necessary. 

The estimation of the remaining constituents is carried .out by any 
of thfe above methods. In the determination of moisture a possible 
high content of magnesium chloride must be borne in mind* 

/ # 

II.— NITRE 
A. Raw Materials 

1* Chili Saltpetre. 

The methods of analysis are given on p. 306 et seq . 

2. Potassium Chloride. 

The potassium chloride used for the preparation of nitre contains 
at least 80 per cent, of potassium chloride and not more magnesium 
salts than correspond to 0-5 per cent, of magnesium chloride. For the 
methods of analysis, see p. 533 et seq. 

B. Intermediate Products 

• 

The analytical mefhods* of examination .for the solid, intermediate 
products of the semi-refined nitre are the same as those applied t <3 Chili *• 
saltpetre. The foreign materials, water, insoluble matter, sodiunj chloride, 
and sulphates (seldom present, or only in traces) are estimated, and the 
difference taken as potassium nitrate. 

The analysis of the saltpetre liquors is somewhat more detailed, and 
primarily demands a determination of the neutrality of the liquors, i.e. 
whether they contain an excess of sodium nitrate or of potassium 
chloride. This necessitates an estimation of the potissium and of the 
nitric acid. The potassium is determined by accurately precipitating the 
sulphuric acid in 20 c.c. of the liquor in a 250 c.c. flask by means of 
barium chloride, filling to the mark, and evaporating 10 c.c. of the filtrate 
with the requisite quantity of platinic chloride. The potassium found 
is calculated to potassium jiitrate. 

The nitric acid is estimated by any of the usual methods ( cf. p. 309 
et seq.), and is ^calculated to potassium nitrate. From the amounts of 
potassium and nitric acid found it is easy to determine whether the 
liquors contain an excess of sodium nitrate or of potassium chloride. 

The determination of iodine in.the liquors*is carried o#t by first add- 
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ing 20 c.c. of carbon bisulphide to 2© c.c. of *the liquor, in a separating 
funnel of about 200 to 250 c.c. capacity, and then a small quantity of 
fuming nitric «&cid or of sulphuric acid to set free the iodine, which is 
extracted -by shaking up with the carbon bisulphide. The latter is 
separated, washed with water in a second separating funnel, and then 
titrated with Nj 10 sodium thiosulphate. Or the iodine in 20 c.c. of the 
liquor is precipitated by copper sulphate as cuprous iodide, the pre- 
cipitate washed with hot water, and the iodine determined by ferric 
ammonium Mum and sulphilric acid. 

The waste salt (sodium chloride) arising from the decomposition of 
Chili saltpetre by .means of potassium chloride retains some 1 to 3 per 
cent, of undecomposed potassium chloride and small quantities of 
potassium nitrate (0*25 to 0*75 per cent.), which are not removed by 
’ further washing. The contained potassium is determined in the usual 
manner by means of platinic chloride. For the determination of the 
> nitric acid, 50 g. of the waste salt are dissolved and made up to 500 c.c., 
and 50 c.c. of the solution ( = 5 g. of the salt) used for the estimation. 

C. Final Product (Nitre) 

The refined nitre^should be free from* all impurities except a small 
proportion of chloride. The content of sodium chloride is generally 
guaranteed less than 0*003 per cent. The moisture should not be 
above 0-25 per sent. 

The nitre is tested as follows : — 

Moisture. Ten g. of n#tre are dried at f20° to 130° for two hours. 

Chlorine . One hundred g. of nitre are dissolyed in water, silver 
nitrate idded, and the precipitate either weighed or the cloudiness com- 
pared with that produced on titrating a standard sodium chloride solu- 
tion with silver nitrate. » 

bisoluble impurities . Sulphates, calcium, and magnesium are deter- 
mined by the usual methods ; sodium with potassium metantimonate* 
Not less than 100 g. of nitre are taken for each determination. 

Any small content of Perchlorate (guaranteed as from 01 to 0-5 per 
cent, at the maximum) is determined According to one of the methods 
given under Chili saltpetre (p. 319). • * 

Potassium chlorate. Ten g. of the finely ground nitre are stirred with 
20' to 25 c.c. of pure concentrated sulphuric acid in a porcelain dish 
cooled with water. The acid should remain absolutely colourless and 
show no yellow coloration. 

Iodine. Small quantities of iodine compounds which»may sometimes 
be present^ are recognised by the so-called vapour lest. Three g. of 
the substance to be. tested are placed in a dry, perfectly clean test tube, 
14 to 1 $ mm. in diameter* and 135 to 140 mm. long. Any substance 
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; sticking to tjje walls of tKe tube must be removed as completely as 
possible by means of filter paper. The test tube is closed by' a rubber 
stopper with one hole, through which a glass rod is insetted, fitted at 
the end with a hook of platinum wire. A strip of filter paper 2 cm. 
long by 1 cm. broad, the upper half of which is moistened with a solu- 
tion of one part of chemically pure glycerine in one part of water, is 
attached to the hook, and suspended so that the bottom edge is 
40 mm. above the substance. The test tube is then placed fh a water- 
bath at 71 to 72 the temperature must I/e kept constant during the 
• whole of the experiment. The test is finished after thcrrecognised time 
of heating is completed, or after the characteristic coloration of the test 
paper has appeared, a faint yellow mark at the junction of the dry afld 
moistened portions of the paper. On allowing the test tube to remain 
longer in the water-bath, the faint yellow colour passes gradually ' 
through brown to a deep brown. Care must be taken to keep the 
water-bath filled to just within the edge. «■ 


III.— POTASSIUM CARBONATE 
A. RAw Materials • 

1. Potassium Chloride- 1 

Potassium chloride from beet ashes contains fairly Jarge quantities 
of sulphate and some carbonate. The potassium, chlofine, sulphuric acid, 
and alkalinity are determined and the contenfrof the several constituents 
calculated from these estimations. 

. In the case of sulphate recovered frofn beet ashes, which Contains 
potassium chloride, and potassium and sodium carbonates, the several 
constituents are estimated in a similar manner by determining the total 
4 V> sulphuric acid, chlorine, and potassium. The chlorine and 
-sulphuric acid are calculated to potassium Chloride and sulphate, the 
jfotes^m contained in these salts deducted from the total potassium, 
the remaking potassium taken as potassium carbo'nate ; the differ- 

ffiloSddSli C f °" espon , ain £ t0 the potassium carbonate and 

.t|# fotal alkali is calculated as sodium carbonate. 


i\P 

■ ,’r 1 j 


'4 U C ; 


2. Beet Ashes. 


|p3f ? ” atare of bMt “ hM - «» 

Six to -io g. of the powdered sample are placed between 
previously weighed pair of ground watch-glasses, the glasses with 
fpple .accurately weighed, and dried at 140° till, constant. * 

1 cf, r., C M p r '533. * *» 
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Insoluble matter. For the determination -of the matter insoluble ii 
water and the inorganic residue left after lixiviation, ho g. of th< 
powdered substance are weighed quickly but accurately on a clock-glass 
transferred carefully into a large beaker or deep porcelain dish contain 
ing 150 c.c. of hot water, boiled up, and heated for fifteen minutes wit! 
continual agitation. The solution is filtered hot into a 500 c c flask 
through a previously weighed«filter paper, and dried at 130°. A ftirthei 
120.C.C. of foiling water are added to the residue, the whole again boilec 
up, and the solution decantefl through the filter paper. The residue i: 
then brought on^to the paper, washed with boiling water till the tota 
filtrate and washings are nearly up* to the 500 c.c. mark of the flask, 01 
till the filtrate commences to run through milky; the residue and papei 
ire dried at 120 , placed between the ground clock-glasses whilst hot 
allowed to cool in a desiccator, and weighed. The gain in weight gives 
the total matter insoluble in water. After weighing, the residue is 
detached from the paper and gently ignited in a large platinum dish til 
ill the carbonaceous matter is completely ashed; the filter paper is 
ignited apart in the same dish. The residue remaining in the dish is 
-he inorganic lixiviation residue, and the loss on ignition the organic 
matter. 

The cooled filtrat^ (the beet ash solution) is made up to exactly 50c 
;.c. with distilled water, and serves for the subsequent determinations. 

Alkali salts . Twenty-five c.c. of the solution (corresponding to 1 g. 
Df beet ashes) a^e pipetted off into each of four small porcelain dishes 
md each weighea,*together with a small glass rod. The solutions are 
evaporated to dryness on the water-bath, being stirred continually with 
;he glass rods, the dishes covered with previously warmed watch-glasses, 
gnited ever a free flame, allovted to cool in a desiccator, and weighed^ 
rhe increase in weight gfves the total alkali, the mean of the four 
leterminatio ns being taken as the result. The residues so obtained are 
ised for determining the alkalinity, the potassium chloride, and the total 
Dotassium. • 

Alkalinity and Potassium chloride. The contents of one of the dishes 
= 1 g of beet ashes) is dissolved in cold water, washed into a beaker* 
md titrated with normal nitric acid, losing methyl orange as indicator. 
The number of c.c. used multiplied by 6-915 gives the percentage^of 
dkalinity, expressed as K 2 C 0 3 . 

The neutralised solution is heated to boiling to drive off any hydro- 
:yanic acid, and after cooling titrated with^ iV/io silver nitrate, a few 
Irops of potassium chromate being added as indicator. The number of 
:.c. of silver nitrate used multiplied by 0-7460 gives the percentage of 
CC 1 , and^ multiplied by 0*6915 the corresponding percentage of K 2 C 0 3 . 

Potassium sulphate and Potassium sulphide, (a). Total Potassium 
ulphate (fro^i the totafc sulphur content). Twenty-five c.c. of the: 
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• ■ filtrate from the “insoluble matter’.’ (i g. beet ashes) ’are diluted in a 
' beaker with about 75 c.c. of water, excess of bromine water added, and 
the solution heated and kept boiling for about -a quarter of an hour. 
The solution should contain excess of bromine after 1 boiling. After 
saturating with hydrochloric acid and heating till the smell of bromine 
has completely disappeared, barium chloride solution, previously brought 
to bofiing in a test tube, is added. The nuinber of mg. of BaS 0 4 x 0-7468 
gives the percentage of K 2 S 0 4 (the total sulphur compound^ calculated 
as K 2 S 0 4 ), and the mg. BaS 0 4 x 0-5924 tfce corresponding percentage' 
of K 2 CO s . ^ . • 

(b) . Potassium sulphate. The sulphuric acid in 25 c.c. of the solution 
from the “ insoluble matter ” (corresponding to 1 g. of beet ashes) is pre- 
cipitated in the usual way (without previous addition of bromine), after 
addition of hydrochloric acid. The mg. BaS 0 4 x 0-7468 gives the- 
percentage of K 2 S 0 4 as such in the beet ashes, and the mg. 
BaS 0 4 X 0-5924 the percentage of K 2 C 0 3 corresponding to the K„SO.,.« 

(c) . Calculation of the Potassium sulphide. The mg. of BaS 0 4 found 
under ( b ) subtracted from those found under ( a ) multiplied by 0-4727 
gives the percentage of K 2 S, and multiplied by 0-5924 the corresponding 
percentage of K 2 C 0 3 . 

Potassium phosphate. Two*hundred and fifty cc. of the filtrate from 
the “insoluble matter ”(= iog. of beet ashes) are acidified with nitric 
acid, and after addition of 10 g. of ammonium nitrate the phosphoric 
acid is precipitated by means of ammonium nitro-jjiolybdate and 
weighed as magnesium pyrophosphate. The mg. of 1 vig 2 P 2 0 7 x 0-1908 
gives the percentage of'K 3 P© 4 , and the percentage of K,P 0 4 x 0-9765 the 
corresponding quantity of K 2 C 0 3 . 

Potassium carbonate. The ignited residue in one of the porcelain 
dishes from the “alkali salts” determination* (containing the alkali salts 
from 1 g. of beet ashe%) is washed with hot water into a 100 c.c. flask, 
acidified with hydrochloric acid, and precipitated with barium chloride so 
as, to leave a small amount of potassium siflphate unprecipitated, thus 
making sure of the filtrate being free from barium. After the addition 
-of the barium chloride, and boiling for five minutes, the precipitate is 
allowed to settle for at least thre<? hours The contents of the flask are 
then made up to. the mark, well mixed by shaking, and filtered through 
a dry filter paper. Twenty c.c. of the filtrate (=02 g, of beet ashes) are 
eyapprated in a porcelain dish with 10 c.c. of a 10 per cent platinic 
pbpnde solution, and treated as usual.. The number of mg. of K.PtCL 
found x 0-1416 gives the percentage of total K 2 C0 3 . From this value 
«ie percantages of K 2 C 0 3 corresponding to the KC1, total K 2 S 0 4 and 

f ?S 4 ’ ha ?- t0 5* de ? UCted The difference is the actual percentage of 
&. 2 C 0 3 contained in the beet ashes. * 

Calculation of the Sodium carbonate. The percentage o£ K g CO g , KC1, 
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total K 2 S 0 4 (not K 2 S 0 6 +K 2 S, since in the weighed calcinejJ alkali salts 
the K 2 S fe already converted into K 2 S 0 4 ), and K 3 P 0 4 are added 
, together, and the sum -(the percentage of all the potassium salts) so 
. obtained jp deducted from the percentage of alkali salts obtained in the 
determination of the “ alkali salts,” as above. The difference, alkali salts 
less potassium salts, gives the percentage of Na 2 C 0 3 . 

P 

. B. INTERMEDIATE PRODUCTS 

* Carbonated Liquors. 

The methods given under “ Sodium carbonate,” p. 429, -are applicable. 

% 

. C. Final Products and By-Products 

. i- Potassium Carbonate (96 to 98 per cent.). 

The sample to be examined is well mixed, and ground as quickly as 
possible in a perfectly dry, preferably iron, mortar. It is then filled 
into dry bottles and immediately corked. The corks are best rendered 
air-tight by hot paraffin wax, since even sealing-wax does not prevent 
the sample absorbing » little moisture on fong standing. 

Moisture. Ten g. of the sample are heated in a platinum crucible 
till the weight is constant. 

Insoluble matter Ten g. of the carbonate are dissolved and warmed 
in a beaker, the insduble matter filtered off on to a small filter paper, 
washed with hot water, ignited, and . weighed. Or the residue may be 
•collected on a weighed filter paper and dried at ioo°.. 

Potassium chloride. Two # g* or in the case of a very pure sample 
10 g., are carefully neutralised in a beaker with nitric acid, a drop of 
methyl orange being added to indicate neutrality, and titrated with 
N\ 10 silver nitrate, using potassium chromate as indicator. To obtain a 
sharp end-reaction, the Ablution to be titrated should be just 
alkaline rather than acid. 

Potassium sulphate. Ten g. of the carbonate are dissolved in hydro- 
chloric acid, filtered, heated to boiling, and precipitated with barium 
chloride. • 

Potassium silicate. Five g. of the sample are dissolved in water, 
filtered, the filtrate acidified with hydrochloric acid and evaporated to 
complete dryness, with stirring, in a platinum dish. The residue is 
taken up with hydrochloric acid and warmed, diluted with water, and the 
silica filtered off and determined in the usual way. . -> 

Total Alkali. Five g. of the potassium carbonal^ are accurately 
weighed, dissolved in a 500 c.c. flask, and the solution diluted to the 
mark. Twenty-five c.c. (=*025 g.) ace titrated in the cold with A Thn 
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sulphuric acid, two drops of methy.1 orange (i g. of methyl orange in 1000 
c.c. of wate^) being added as indicator. The complete neutralisation is 
accurately recognised by adding the sulphuric acid drc^> by drop ; the 
end-reaction is reached when the solution begins to change fij>m yellow* 
to bright rose colour. The sulphuric acid is accurately standardised* 
in a similar manner against chemically pure anhydrous potassium 
carbonate. • 

Sodium carbonate. The ash is evaporated with hydrochloric acid and 
treated with barium chloride; this concert? the carbonates into the* 
corresponding chlorides. The contained sodium chlgride is then deter- 
mined by the method given on p. 534. 

Freseniushas made use of the following methods to determine.the 
sodium carbonate in the potassium carbonates (96 to 98 per*cent. with 

o-ii per cent. Na 2 C0 8 ) produced at the Salzbergwerk Neqstassfurt : • 

(a) Fifty c.c. of the carbonate solution, corresponding to 1 g. of* 
substance, are acidified with hydrochloric acid, and the sulphuric acid 
present precipitated with a calculated quantity of barium chloride. 
The barium sulphate is filtered off, washed, and the filtrate evapor- 
ated to dryness in a weighed platinum dish. The chlorides of the alkalis 
are weighed after gentle ignition. The potassium is then separated 
as usual with platinic chloride, the potassium ^latinichloride filtered 
off and washed, the filtrate along with the washings evaporated to 
dryness, the residue gently ignited in a current of hydrogen and 
extracted with water. The solution thus obtained is ^gain treated with 
platinic chloride, and a further small quantity cff*potassium platini- 
chloride separated. The titrate and washings are again evaporated, 
the residue reduced, extracted with water, the solution evaporated in a* 
platinum dish, and the sodium chloridi weighed, after gentjp ignition. 
The sodium chloride is quite free from Tarium salts. The purity of 
the reagents used should be ascertained by carrying out a blank 
experiment. 


. W Ten & of potassium carbonate are dissolved in water, neutralised 
with the calculated quantity of chemically pure tartaric acid and then an 
equal quantity of tartaric acid added, with stirring. "After standing for 
Some tune any separated tartaric acid is filtered off and completely 
washed with a small quantity of cold water. The filtrate and washings 
are evaporated to a small bulk, any tartaric acid separating on standing 
or a short time, filtered off, washed with a little water, awl the filtrate 
and washings evaporated Jo dryness in a platinum dish. The residue is 
gently ignited, dissolved in water to which a little hydrochloric add has 
been added, Jhe sulphuric acid carefully precipitated with barium 

caibonSr T^15f eS f S ° "T removed by addition of ammonium 
.carbonate. The filtrate, together with washings, is evaporated in a 

; platinum dish, the ^residue gently ignited* dissolved .in water, the 
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potassium separated with platinic chloride, and the sodium^determined 
in the filtrate according to the method given under (a). 

In calculating the results it is assumed that the sulphuric acid, silica, 
*and the chlorine are combined with potassium, the sodium present being 
reckoned as sodium carbonate. The amount of potassium carbonate 
corresponding to the sodium carbonate and potassium silicate found, is 
deducted from the total alkali? and the remainder calculated as potas- 
sium carbonate. 

• To control* the working conditions in the course of manufacture, the 
alkali in a potassi^jn carbonate is determined directly by titrating 2*5 g. 
with sulphuric acid. If a quick and accurate determination is desired, it 
is preferable to weigh out the required amount of substance for each 
individual* determination, rather than to make up one amount to a 

# definite voluipe and measure off aliquot parts of the solution for the 
estimation ; this method possesses also the advantage that the most 
suitable conditions of concentration, etc., for rapid working can be 
chosen. 


2. Impure Potassium Carbonate, Molasses Carbonate, and 
Beet Ash Carbonate. 

These carbonates contain, as a rule, potassium phosphate in addition 
to the constituents mentioned above. The latter are determined by the 
methods described; the phosphate is an important indication of the 
origin of the carbonate. Other constituents that occur are potassium 
hydroxide and various sulphur and cyanogen cpmpounds; these are 
determined by the methods n given under beet ashes (p. 540) and soda 
"Vat liquors (p. 426). ^ * 

Phosphoric acid. Five g. pf the sample are dissolved in nitric acid, 
the solution filtered, warmed, and precipitated with ammonium 
molybdate ; the precipitate is then dissolved in ammonia, reprecipitated 
with magnesium mixture, filtered, ignited, and.weighed as usual. 

3. Hydrated Potassium Carbonate. 

This is examined similarly to 96 to g8 per cent, potassium carbonate 
(cf C. i, p. 543 )- ^ 



. CYANOGEN. COMPOUNDS 1 

By Dr H. Fr'eudenberg, Chemist to the Deutsche Gold- und Silber-scheide- 
anstalt, Frankfurt a/M. English translation, revised by James »T. Conrov 
B.Sc., Ph.D. 

♦ • 

I. SIMPLE CYANIDES 

• 

Cyanogen present in combination as hydrocyanic acid, or as alkaline 
or alkaline-earth cyanide, may be estimated either gravimetrically or 
volumetrically ; in commercial work the volumetric method is generally 
adopted. 7 

i. Gravimetric Methods of Analysis 

Cyanogen is determined gravimetrically, either directly as silver 
cyanide, or indirectly by weighing the silver obtained therefrom In 
carrying out this estimation, the pure aqueous solution of hydrocyanic 
acid or of cyanide is rendered slightly acid* by addition of nitric acid— 
the quantity of fee nitric acid present^ in the solution must not* exceed* 

nitrate t 7 the&cidlded elution 3 dded to a solatia of silver 
nitrate. The separated silver cyanide is allowed to settle, without 

weiXT C Th £Cte ? ® n a ta ? d filt£r paper ’ washed - dried a t 1 00“, and 
weighed. The silver cyanide may, according to Rose, be converted 

“ “117^ -SJUd G im ? a 18 f “ 

obtained Kir th?c bg d Gre S or state that the results 

»«rk a„Xt agr " i . Ve ' y We “ ^ * volu- 

be silver cyanid. 

This is effected bv mean X slmult f neousl y precipitate silver haloid, 

, ' c “ ^ es "> to solufon. The soluhon of silver asetate is th e „ 
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separated from the residual, undissolved silver salts by filtration, and 
the contained silver estimated either as silver chloride or as metallic 
^ilver. For the*latter estimation the chloride is reduced in a current of 
hydrogen -p the usual precautions must be observed for the separation 
of silver from mercury. The conversion of the chloride into metallic 
silver is advisable, owing to the tendency of the chloride to carry down 
some mercury which is not completely volatilised by simple ignition ; 
high results aye accordingly likely to be obtained by weighing the chloride. 

The following example vsftll serve to show the accuracy of this 
method : — o-i g. o& sodium chloride,.o- 1 g. of potassium ioc^de, and o-i 
g. of potassium cyanide were dissolved in water, the mixture rendered 
slightly acid by addition of nitric acid, and treated with silver nitrate in 
slight excels. The resulting precipitate was, after washing, boiled with 
•about ioo c.c.«of water and 5 c.c. of acetic acid, in which precipitated 
mercuric oxide had been dissolved, and the solution separated from 
the insoluble residue by filtration and washing. The filtrate and 
washings were treated with nitric and hydrochloric acids, and the pre- 
cipitated silver chloride ignited in a current of hydrogen. The metallic 
silver obtained weighed 0-168 g., corresponding to 0-0404 g. cyanogen 
instead of the 0-0400 g. taken. 

• 

2. Volumetric Methods of Analysis 

1. Liebig's . Method. This method has been proved by long 
experience to be thoroughly reliable, and is now .generally adopted in 
technical work. It depends on the fact that when an aqueous solution 
of potassium cyanide is treated with silver nitrate solution a soluble 
double salt; potassium silver cyanide, is first produced : — 

AgNO s + 2KCN - KAg(CN) 2 + KNO3. 

When, however, excess of silver nitrate has been added, this soluble 
double salt is decomposed wifrh the separation of insoluble silver cyanide, 
the presence of a very small quantity of which is at once indicated by 
the solution becoming turbid : — - 

KAg(CN) 2 + AgN 0 3 = 2 AgCN + KN 0 3 . 

The manner of carrying out the test is described later (p. 548). 

2 . Fordos and Gilis' Method} This method, which has not as yet 
found much acceptance in practice, is based on the behaviour of iodine 
towards potassium cyanide. Serrullas and W&hler have shown that two 
equivalents of iodine interact with one equivalent of cyanogen, 
hydrocyanic acid, or potassium cyanide according to the equati<5!i: — 

' * KCN + 2I-KI4-CNI. • 


1 J prakt. Chem ., 1899 , 59 ? 2 5 5 * 
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. The iodine may be employed, in the form of an Nj to solution. 

The method gives fairly accurate results if carried out in the manner 
described below. 


Hydrocyanic Acid. 

JFree hydrocyanic acid is never found ready formed in nature; a 
dilute solution of the acid is, however* obtained in the distillation of 
bitter almonds, and of the stones of peaqhes, apricots; plums, and 
quinces, and also of the leaves of the merry laurel. It is obtained 
as a concentrated solution when -potassium ferrosyanide is distilled 
with sulphuric acid. Anhydrous hydrocyanic acid, forms a clear, very 
mobile liquid, which solidifies to a crystalline mass at — I5°and boils 
at 26°. According to Gay-Lussac, the anhydrous acid * has a sp. 
gr. of 0-6969; it is miscible with water in all propertions, and is- 
extremely poisonous. A dilute aqueous solution forms an official pre- 
paration of the British Pharmacopoeia, Acidum hydrocyanicum dilutiufl ; 
it should contain 2 per cent, by weight of hydrocyanide acid, and have 
a sp. gr. of 0-997. 

Hydrocyanic acid in aqueous solution may be estimated either 
gravimetrically (p. 546) or vplumetrically. 

In Liebig’s volumetric method, 10 to 1 5 C.c. offthe solution to be tested 
are measured off with a pipette, 5 c.c. of normal sodium hydroxide solution, 
followed byo- 5 g. sodium bicarbonate added, and after diluting the whole to 
from 50 to 60 c.c., Nj 10 silver nitrate solution run inJVbm a burette, with 
continual stirringso long as the precipitate formed dissolves in the solution. 
The titration is finished as soon as a permanent opalescence is ^formed. 
The volume of solution taken for titration should not contain more than 
o-io g. HCN. One c.c. Njio silver nitrate solution = 0-00540*4 g. HCN. 

In the Fordos and Gdlis method a quantity of solution containing 
not more than o-o^g. HCN is measured off, treated with 4 c.c. of 
normal sodium hydroxide solution and o ; 5 g. sodium bicarbonate, and 
diluted to about 1000 c,c. ; standard iodine solution is then added from 
a burette until the solution acquires a permanent yellow tinge. 
One c.c. Nj 10 iodine solution corresponds to 0001351 g. HCN. Starch 
Solution should not be employed as an indicator, since its presence leads 
to low results.- 

Cherry Laurel and Bitter Almond Waters. 

* The hydrocyanic acid in cherry laurel water and in bitter almond 
water is present partly in the free state and partly In combination with 
' benzaldehyde. , 

For the estimation of the total cyanogen Feldhaus 1 * recommends 

1 Z. anal. Chern ., 1864 , £ 34 . , « ’ 
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the gravimetric method, employing ioq c.c. of Idle solution syid adding, 
to this 1*2 g. of silver nitrate, dissolved in the necessary quantity of 
water, to which € to 3 c.c. of ammonia solution of sp. gr. 0*96 have been 
3,dded.‘ After the addition of the silver nitrate, the solution is acidified 
immediately by means of nitric acid. The precipitated silver cyanide 
is then estimated in the usual way. 

The official preparations t>f the British Pharmacopoeia, Aqua 
laurocerasi (cjierry laurel water) and Aqua amygdala A mar a (bitter 
Umond water) are tested* by Nitration with silver nitrate in faintly 
alkaline solution ; they should contain 01 per cent, of hydrocyanic acid. 

According to the # German Pharmacopoeia, the cyanogen content in 
bitter almond water is determined volumetrically by diluting 25 c.c. 
with 100 c£. of water ; 1 c.c. of potassium hydroxide solution and a 
Lr&ce of sodium chloride are added, and the whole titrated, under 
:onstant agitation, with Nj 10 silver nitrate solution until a permanent 
opalescence is formed. The quantity of silver nitrate solution required 
should not be less than 4-5 c.c., nor more than 4-8 c.c. 

Potassium Cyanide. 

Potassium cyanide was formerly manufactured exclusively from 
potassium ferrocyanide^ either by fusing this salt alone, or with addition 
of potassium carbonate as recommended by Liebig, of sodium carbonate 
is proposed by Wagner, or finally, with metallic sodium, according to 
the Erlenmeyer process. Recently the following processes have been 
introduced. The RdJchardt and Bueb process, in which the nitrogen 
compounds in the gases obtaihed from the distillation of the vinasses of 
.he beetroot-sugar industry are converted into hydrocyanic acid and 
immonia, &nd the former worked up for cyanide ; the Raschen process, 1 
worked by the United Alkali Company, in which a solution of a thio- 
:yanate is oxidised by nitric acid and the liberated hydrocyanic acid 
ibsorbed in alkali, and the synthetic processes of Siepermann and of 
Beilby, in which ammonia is caused to react with potassium or sodium 
:arbonate and charcoal. So far, synthetic processes involving the 
inversion of atmospheric nitrogen into cyanogen have not been 
rommercially successful. Processes in ^ r hich sodium compounds are* 
employed naturally lead to products which contain a proportionaf 
percentage of sodium, whilst in the more recent process of Frank and 
3aro the fixation of nitrogen by calcium carbide results in the forma- 
don of calcium cyanamide CaCN 2 . * * 

The raw materials used for the manufacture of cyanides, viz. : — 
Potassium ferrocyanide, sodium ferrocyanide, potassium carfponate, 
>odium carbonate, ammonia, and metallic sodium, should be as pure 
is possible, and quite free from sulphur compounds. 

1 J Soc, Client . Ind ty 1899 , 18 , 432 . 
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Ferrocyanides are estimated by De Haiin’s metho'd (p. 561), and the 
alkalis by titration with acid ; the examination for sulphates is made in 
the usual manner. <* 

Pure, fused potassium cyanide forms a white mass, shoWing r a coarsely^ 
or finely crystalline grain, according to the method of cooling adopted in 
its preparation. It can be obtained in the form of octahedral crystals 
by evaporating a concentrated solution of the salt ; the crystals dissolve 
readily in two parts of water ; in aqueous alcohol, only in proportion to 
the amount of water present. Commercial potassium cyanide varies irr 
strength to a very marked degree„from 100 down 30 per cent. In 
addition to "potassium cyanide, it frequently contains sodium cyanide, 
alkali carbonate, caustic alkali, alkali cyanate, and chloride, and occa- 
sionally small amounts of alkali sulphide. Any sodium cyanide present 
is, in commercial practice, calculated as potassium cyanide, that is,, 
forty-nine parts of sodium cyanide are returned as sixty-five parts of 
potassium cyanide. In this way the percentage of potassium cyanide 
in an alkali cyanide may appear higher than it actually is, and a com- 
mercial cyanide may contain so much cyanogen that when calculated to 
potassium cyanide the percentage considerably exceeds roo. In the 
case of 98 to 100 per cent, cyanide it is therefore advisable to state the 
value in terms of the contained cyanogen. Cyanides are largely used 
in gold extraction, electroplating, photography, and also, in America, for 
the destruction of insect pests. 

Estimation of Cyanogen by Liebig’s- Method. 

Alkali sulphides, if present, must first te removed by agitating the 
solution of the cyanide with hydrated bismuth oxide (obtained by* 
treating basic bismuth nitrate with sodium hydroxide, and crashing), or 
by means of freshly precipitated lead carbonate or lead sulphate. The 
• presence of even a, small quantity of sulphide is shown by the 
appearance of a yellow to brown coloration during titration. The 
.presence of free ammonia retards the appearance of the turbidity in 
tlie titration, and thus leads to incorrect results ; this effect may be 
overcome by the addition of a sufficient quantity of Carbonic acid water, 
jhe addition of sodium hydroxide before titration is not permis- 
sible, since its presence also retards the end-reaction, and the results 
:y8^ ined ma Y be too high. .On the other hand, the addition of a few 
: of ammoniacal potassium iodide solution is to be recommended, 

A|ince'it renders the recognition of the end-point much easier, especially 
' m.the presence of a large proportion of sodium salts. 

• ; For-the estimation of total cyanogen, or of potassium cyanide, 5 g. 

of the cyanide ^re dissolved in water and the solution made up to 
' » 5 ° c.c. of this solution, corresponding to 0-5 g.*cyanide, are 

an eqaal voIume of water arid titrated with N/iO silver 



POTASSIUM CYANIDE 551 

> nitrate solution,' as described above. One # c.c. N/fb silver nitrate ■ 
= 0*01303 g. KCN. * • 

Should it be necessary to make a complete analysis for potassium 
•’and sodium .cyanides, cyanates, carbonates, caustic alkali, cyanamide 
’compoundfe, chlorides, and ferrocyanides, and also for small quantities of 
alkali sulphides, 50 c.c. of the solution, prepared as above, are treated 
in a porcelain dish with 5 c # c. of pure, dilute hydrochloric acid of 
sp. gr. 1*124, and the whole evaporated to complete dryness on the 
*water~bath, blue precautions J being observed whilst the poisonous 
hydrocyanic acid is coming off. The potassium and sodium, which 
are then present as chlorides in the residue, are estimated *in the usual 
manner. * 

A further 50 c.c. is treated in a stoppered flask, with a slight excess 
of barium or calcium nitrate, for the estimation of the alkali carbonates. 

* When the resulting precipitate of barium carbonate has settled out, the 
solution is filtered, and the precipitate washed, air being excluded as far 
as possible. The carbon dioxide present is calculated from the quantity 
of barium carbonate obtained. Various methods have been suggested 
for the estimation of the free alkali hydroxide. The proposal to add 
magnesium nitrate to the solution, freed from carbonate as above, and 
then to estimate the precipitated magnesia* does not give reliable results. 
In ClennePs 1 method* the solution is first titrated with silver nitrate 
solution until opalescence occurs, whereby the hydrocyanic acid is fixed, 
and then with Njio acid, using phenolphthalein as indicator. An 
alternative method^ to fix the whole of the cyanide as silver cyanide 
before titrating with acid, by first adding an equivalent quantity of 
^silver ^nitrate solution to that required to produce the opalescence. 
According to Freudenberg, the<best results are obtained by employing 
the method worked out by A\ Schlaud in the laboratory of the Deutsche 
Gold- und Silber-scheideanstalt. In this method, the quantity of 
alkali hydroxide present is estimated directly bybmeans of a standard 
neutral solution of Prussian* blue, in suspension. The solution is first 
treated with a moderately strong solution of silver nitrate (about 30 
per cent.), until ^ permanent turbidity is obtained, and a solution 
of barium nitrate added to precipitate all the carbonate present. 
The solution is then warmed to 30° to 40° without filtering, and 
suspended Prussian blue run in slowly from a burette ; the solution 
must be thoroughly shaken during this addition, which is continued 
until the “ blue ” ceases to be split up into ferrocyanide and ferric oxide* 
This point is recognised by the clear solutibn above the precipitate 
acquiring a bluish tinge ; the end-point is extremely sharp. Should 
alkali cyanate be present, care must be taken that the temperature of 
the solutitfmdoes not exceed 50°, since above this temperature cyanate 
- 1 Eng* and Mining J. , 1903 , 75 ? 9 ^ 8 * 
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‘is decomposed with the .formation of ammonia and* alkali carbonate, ' 
which react Vith the “ blue” and so vitiate the results. 

The standard solution of Prussian blue is prepared hy adding ferric 
chloride solution to a well-stirred solution of potassium * ferrocyanide, * 
taking care that an excess of the latter is always present. The precipi- ’ 
tated “ blue ” is washed repeatedly by decantation until a point is reached 
at which it ceases to settle well. Tho solution is then thoroughly 
shaken to bring the precipitate into suspension, and jts strength 
estimated by means of normal sodium hydroxide solution, after which * 
it is diluted until the strength is such that io c.c. of thesuspended “ blue ” 
correspond approximately to io c.c. 'of Nj io sodium hydroxide solution. 
The Prussian blue solution, which keeps well, should be well shaken 
before use. - 

Cyanates are determined by adding a slight, excess of neutral silver 
nitrate solution to the cyanide solution previously freed from alkali 
hydroxide and carbonate, and allowing the precipitate to settle. The; 
precipitate, which consists, or may consist, of silver cyanide, silver 
cyanate, and silver chloride, is filtered off, well washed, and then trans- 
ferred to a beaker or flask, in which it is thoroughly shaken with about 
200 c.c. of water, made acid by the addition of io c.c. of dilute nitric 
acid of sp. gr. 1-20, and then "digested for an hoyr on the water-bath; 
the contents are shaken repeatedly, and the beaker or flask kept covered. 
By this treatment the silver cyanate goes into solution whilst the other 
silver salts remain undissolved. The quantity of pyanate is then 
arrived at by estimating the silver present in the* Solution, either by 
weighing as silver chloTide^or volumetrically by Volhard’s method. To 
ensure accurate results, the details given above must be closely observed. - 
The following method, due to Herting, 1 fs preferable ; it depends upon 
the fact that whereas hydrochloric or sulphuric acid decompose potas- 
sium cyanide with complete elimination of the nitrogen as hydrocyanic 
acid, in the case of the cyanate the nitrogen is quantitatively converted 
into ammonia, according to the equation : — o 


KCNO + 2HC1 + H 2 0 = KCl + nh 4 ci + co s . 

Q-,2,to 0-5 g. of the sample arj; dissolved in a few c.c, of water in a 
porcelain dish, dilute hydrochloric or sulphuric acid added, and the 
whole . evaporated to dryness on the water-bath. The residue is dis- 
solved in water, ar.d the nitrogen content estimated by distilling the 
Volition with sodium hydroxide, collecting the distillate in Nf$ sulphuric 
: 4 ?id, and titrating back th? excess of acid with Nj 5 ammonia solution. , 
i 3 ie nitrogen obtained is calculated to cyanic acid or to potassium 
cyanate ; x cc? Nj 5 sulphuric acid = 0-0162 g. KCNO and 0-0086 g. 
liONO. Care mlist, of course, be taken that no ammonium” chloride is 



\Z,angm. Ckem 1901 , 14 , 585 ; /. Sac. Chen*. Ind, , 1901 , 20 „ 8 3 8 . 
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present Milbauer 1 has modified this method by decomposing the' 
cyanate by means of acid potassium sulphate ; this allows of the 
^ simultaneous isolation of the hydrocyanic acid contained in the cyanide. 

, To. separate *the resulting silver cyanide from the silver chloride, the 
mixed precipitate is digested with a solution of mercuric oxide in acetic 
acid, by which treatment the silver cyanide goes into solution whilst the 
silver chloride remains undiss|lved. Or, the hydrocyanic acid may be 
liberated by^ distilling the original solution of the cyanide with acetic 
■ acid, and the chloride determined in the above residue. 

To estimate thg ferrocyanide which may result from the presence of 
iron when dissolving the fused cyanide, a further 50 c.c. of the solution 
are treated with 5 c.c. of dilute sulphuric acid, evaporated to dryness, 
washed ii*to a platinum dish, and heated to fusion. When cold, the 
fusedresidue.is dissolved in water, treated with zinc to reduce the ferric 
sulphate, and the resulting ferrous salt titrated with permanganate 
solution. A blank test with similar quantities of sulphuric acid and 
zinc must always be made, and any permanganate solution consumed 
in this deducted from that required in the analysis of the sample. 

It is further necessary to test the finished product for sodium 
cyanamide, Na 2 CN 2 , which compound may be formed as an intermediate 
product in some of Ijae newer processes # of manufacture. It may be 
detected by adding an excess of a strongly ammoniacal 6 per cent 
silver nitrate solution to the diluted solution of the cyanide ; a yellow 
precipitate of silver cyanamide will result, even if only traces of alkali 
cyanamide are present. Should the solution be free from cyanamide, 
either no precipitate is formed, or there results, if the solution be 
sufficiently concentrated, a pure white, shining, crystalline precipitate of 
ammonidlpa silver cyanide. For* the quantitative estimation of cyanamide 
the solution, freed as above from alkali carbonates and hydroxides, is 
treated with 6 per cent, ammoniacal silver nitrate^solution, the resulting 
precipitate filtered off, washed, and then heated on the water-bath with 
dilute nitric acid, shaking &t intervals. By this treatment the whole 
of the silver cyanamide is dissolved. The resulting solution is filtered, 
and the silver in the filtrate and washings titrated, employing potassium 
thiocyanate as indicator; the silver thus found is calculated to 
cyanamide. * 

Kuhling 2 states that the results obtained by this method are inaccurate 
owing to silver cyanamide being somewhat soluble in dilute ammonia 
solution, and also because the content of silver does not correspond 
exactly to the formula Ag 2 CN 2 . He has accordingly modified the 
method as follows : — The precipitated silver cyanamide is firjt washed 
with a dilute ammoniacal solution of silver nitrate until the filtrate gives 
no reaction with nitric acid, and then with water until it gives no 
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opalescence with hydrochloric acid ; the precipitate and* filter paper are 
; dried in an evacuated exsiccator over sulphuric acid for twelve hours, 
and the nitrogen in the silver cyanamide determined the Kjeldahl- 
Forster method, by heating with phenol-sulphuric acid, sodium thiosul- * 
phate, and mercury, and estimating the evolved ammonia volurSetricaily. " 

The,Fordos and Gdlis Method for tfje Estimation of Cyanogen. 

The analysis is made on 0-05 g. of thd*. sample, or 5 c.c. j?f the above 
solution. The cyanide is dissolved, the sllutibn diluted with water to 
about 400 c.c., and Njio iodine solution added from* the burette until 
the solution acquires a permanent yellow tinge. As stated above, the 
use of starch solution is not permissible. Any alkali hydroxide or free 
ammonia present in the liquors must be neutralised by the addition of 
carbonic acid water ; in the case of alkali hydroxide alone* an addition < 
of sodium bicarbonate will suffice. Ammonium salts are without 
influence on the reaction. One c.c. Njio iodine solution corresponds to* 
0*003258 KCN. 

Under the above conditions of dilution the method gives accurate 
results. Schnell, who has investigated the method, obtained values 
varying between 99-5 and 100* x per cent., as compared with the 100 
per cent, obtained by Liebig^ method. 

Sodium Cyanide. 

Pure, fused sodium cyanide forms a white mass simpler in appearance 
to potassium cyanide. ^ It crystallises from its acqueous solution with 
two equivalents of water, in r the form of plates ; at temperatures above 
33 0 , however, it separates in the anhydrous condition, in which state it 
melts at about 500°. Sodium cyanide is prepared by CastnePs process, 
by the interaction of ammonia, sodium, and charcoal, and by Raschen's 
process (cf. p. 549). The commercial product tests as a rule 125 per 
cent, calculated as potassium cyanide ; sometimes, however, products 
testing as high as 128 percent, are found on r the market. The method 
of estimating sodium cyanide and its accompanying impurities is the 
. same as that already described under the potassium salt 
, • 

• Ammonium Cyanide. 

■ ■ This salt forms colourless cubes, which volatilise with dissociation at 36°. 

\ \ It dissolves readily in water and in alcohol ; the solutions have an alkaline 
< reaction and an ammoni&cal odour, and yield a brown deposit on 
; standing. The salt is very seldom found on the market Its cyanogen 
content nfay be determined either gravimetrically or volumetrically ; 
ii^the latter case, Carbonic acid water must be added in exeeSs before 
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Tiie Cyanides of the Alkaline Earths. # 

According to Langbein, the cyanides of the alkaline earths are employed 
► in electroplating.. For analysis, their aqueous solution is treated with 
' sodium cfrb'onate solution, in the case of the magnesium compound with 
alkaline carbonate and hydroxide, to precipitate the alkaline earth, the 
solution filtered, and the cyamogen estimated in the filtrate, iq the 
manner described under pota*ium cyanide. 

*. • f 

Mercuric Cyanide. 

• • 

Mercuric cyanide forms colourless quadratic prisms, readily soluble in 
water ; it is used in medicine and in an official preparation in several 
pharmacopoeias. The contained cyanogen may be determined by titrat- 
ing with iodine solution according to the method of Fordos and Gdlis : 

Hg(CN) 2 4* 4 I — Hgl 2 + 2 CNI. 

• For the determination about o-i g. of the sample is dissolved in about 
400 c.c. of water, and the solution titrated with N/io iodine solution. 
Should a separation of red or yellow mercury iodide occur during the 
titration, sufficient potassium iodide must be added to bring the whole 
of the precipitate into solution. The formation of such a precipitate 
indicates that more rr*ercury is present than corresponds to the formula 
Hg(CN) 2 . Very accurate results are obtainable by this method; 
experiments have shown that values varying between 99-7 and 99*9 
are obtained foi*qyery 100 parts of mercuric cyanide present 

• . • 

II. DOUBLE CYANIDES 

• • , 

1. Potassium Ferrocyanide ; Yellow Prussiate of Potash 

Potassium ferrocyanide was formerly manufactured by heating 
together potassium carbonate and dried or carbonised nitrogenous 
materials such as waste leather, horn, wool, or dried blood. This 
method has now Joeen almost completely replaced by the various pro- 
cesses employed for extracting the cyanogen compounds contained in 
the “ spent oxide” of gasworks, ancf the analytical methods to £e 
described will accordingly be restricted to these processes. The raw 
materials involved are : — spent oxide, potassium carbonate, and 
potassium chloride. 1 

• 

Examination of “ Spent Oxide.” 

The ordinary spent oxide from gasworks contains from 3 to 16 per 
cent, of 0 Prussian blue, calculated as anhydrous fefrocyanide of iron 

1 For the anal^is of Potassiun* carbonate and of Potassium chloride, cf. pp. 533 and 543. 
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• . Fe 7 (CN) 18 , o-5 to 3-0 per cent, of ammonium sulphate, 'and 30 to Ko Dei 
• cent of sulphur. The remainder consists of 10 to 30 per cent, of water 

ferric hydroxide admixed with organic matter,, sand, ckv lime and 
sodium salts. The spent mixture will also contain tarry matters ’as an 

purifier^ ^ the gaSSS are inSufficiently scrub bed before entering the 

(rf Jkr attention , must , be P a * d |> the taking of the sample 
(/• P- 7 ), since, as a rule, each sample refresents a wagon-load of the 
material. Sampling is best done durinj loading or unloading, by 

* It ^ lf Pa f fr0m each basket > £ ox - or oth ^ receptacle employed 
thoroughly mixing the portions withdrawn, spreading out and dividing 

own in the usual way until about 1 kilo remains. Should the mass be 
" y dry, the whole is passed through a sieve of about <§4 meshes 

Determination.' of Moisture. Fifty g. of the sample are heated for 
our hours at 70 in an air-bath. If the material is very damp it is as, 

less 11 ^ 1 ^ 111 *-?-^^^?' A V£ry dry P roduct > with 10 Per cent, or' 
o the he ? mdl , Cat , eS . decom POsition; this occurs very readily, owing 
to he heating which is set up when the mass is stored for any length 
of time, and which brings about destruction of the thiocyanogen Ld 
cyanogen compounds with the formation of amnjonium sulphate and 
may even cause the mass to fire. p ’ 110 

Determination of' Prussian Blue. The dried material from the 
moisture determination is finely ground and passed through a sieve 
of 200 meshes to the sq. cm. Particles of wood o*r othef material 
remaining on the siev* ar* further broke* up, added to the sLved 

recovery ^ave^c W . hole carefulIy raixed - Recently, wet methods of 
recovery have come into somewhat exfended use, such as those of 

J? bs tbtd^aVf ? eb ’„ in wh i C K h the hydrocyanic acid in the gas 
is absorbed in a standard” scrubber by means of a concentrated 

' ah iilsSuble doubl :hl ° nde ° r a f f -° US $Ulphate ’ with the formation of 
f; an insoluWe double compound of iron and* ammonium ferrocyanides 

viS Ind \T 0f r sed Cake COntains «P to SO per cent. 

:< r , W ’ " d , Is almost free f rom sulphur and thiocyanates The 

*» sampling 

■lUj- , , , n tke case °^ a cyanide mud or slime loaded in a tank- 

iSs'^e„ co tht,d f fh the ta f t wdl ; 

U m ensnlol J f P . ****** “ Iron drums, 

«gg? Z aiSy ,■ K o*^™**^ «» contents of each- 
v ; S?/ thoroughly stirred, and approximately equal volumes of the 
, gud draw, from each; the individual sample? are thin ned a„d 
i Area sample boltles as above, are filled with the mixture “ the i S e 
“ud the sampling is done by taking about 1 lb of the 
f , each sack > as it is filled at the time «f loading 
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so taken are thoroughly mixed, and from- the average sample so 
obtained three equal quantities, each of about 2 lbs., are taken, and 
stored in air-tight, glass bottles. 

* . The ^termination of the “ blue ” present in the mixture may be 
carried out in several ways. 

1. KnublaucKs x Method. Ten g. of the sample, prepared as above, 
are treated in a 250 c.c. flask frith 50 c.c. of a 10 per cent, potassium 
hydroxide solution, and allowed to stand, with repeated shaking, for 
sixteen hourVat the orditfaryltemperature. The flask is then filled to 
the mark, and aftqj the addition of # about 5 c.c. of water the whole is 
shaken and filtered. Should potassium sulphide be present, the solution 
must be treated with 1 to 2 g. of lead carbonate before filtering. One 
hundred ac. of the filtrate are then added to 25 c.c. of a 6 per cent, 
ferric chloridg solution previously warmed to 6o° to 8o°, and the mixture 
heated over a wire gauze and well stirred for several minutes. The 
solution, which is kept warm, is filtered as rapidly as possible, and the 
precipitate washed once or twice with hot water to remove any thio- 
cyanate of iron. The filter paper and precipitate are returned to the 
beaker, 20 c.c. of 10 per cent, potassium hydroxide solution added, and the 
lumps broken down by pressing them with a glass rod against the sides 
of the beaker ; a little^water is then added, and the whole mixed to a 
uniform cream. The contents of the beaker are washed into a 250 c.c. 
flask, diluted to this volume, and filtered. One hundred c.c. of the 
filtrate are transferred to a porcelain dish, 3 c.c. of a 30 per cent, 
sulphuric acid solution added, and the acidified solution titrated with 
copper sulphate solution. The end-point is' determined by spotting a 

* drop Of the liquid and a drop of a solution of a ferrous salt at a slight 
distance £part on a piece of 'Schleicher and SchiilPs spotting paper. 
Should the precipitation of the ferrocyanide as the copper salt not be 
complete, a coloration will appear at the line of contact formed by the 
spreading of the drops. The intensity of the stain and the time taken 
for its development vary according to the quantity of ferrocyanide 
still remaining in solution (cf. p. 427), and thus affords a guide to the 
course of the titration. 

The copper sulphate solution is prepared by dissolving 12-5 g. of pu^e 
crystallised copper sulphate in water, and making up to 1 litre. It Is 
standardised against a second solution, containing 4 g. of pure potassium 
ferrocyanide to the litre, by adding 100 c.c. of this solution to 25 c.c. of 
hot, 6 per cent ferric chloride solution, a^jd treating the resulting 
precipitate exactly as above. The titre of the copper solution follows 
on dividing 0-4 by the mean number of c.c. obtained as # an average of 
foul- concordant titrations. # 

It is absolutely essential that uniform conditions be observed both 
1 Ja> Gasbeleucht, 18 ^ 9 , 35 , 450 ; J. Soc . Chem . lnd t) 1889 , 8 , 732 . 
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in standarc^sing the solution and in estimating the “blue,” more 
particularly as regards the quantities of potassium hydroxide and of 
sulphuric acid employed ; otherwise it is impossible to *be certain that 
the copper ferrocyanide precipitate has always the same’ .composition. 
The reaction is not altogether uniform ; it proceeds in part according 
to equation I. and in part according to equation II.: — 

I. K 4 FeC 0 N 4 + CuS0 4 = K 2 (liFeC c N 8 + K.',SO. r 
II. K 4 FeC 8 N 0 + 2 CuS0 4 = CujfeC^ + 2 K 2 S0 4 . * 


The method finds considerably application in technical work, but 
some experience is necessary in the determination r of the end-point of 
the titration. 

J. M. Popplewell 1 recommends a modification of K>nublauch’s 
method whereby the analysis may be completed in ope and a half 
hours. 

2. Zulkow sky's modified, Method. This method has been adopted 
by the Chemische Fabrik “Residua,” and is carried out by them as 
follows : — 


Fifty g. of the thoroughly mixed cyanogen mud, or 90 g. of the 
pressed cake, are boiled with 50 c.c., or, in the case of the cake, with 
100 c.c. of potassium hydroxide solution of sp. gr. 1-25 and about 
200 c.c. of distilled water until all ammonia has been driven off; the 
solution is then diluted to 1010 c.c. (10 c.c. = correction for volume' of 
insoluble matter). The contents of the flask are wed shaken, filtered 
through a dry, pleated filter paper, and 25 c.c. e? the filtrate, after 
dilution with 50 c.c. of ’water and 10 tc. of dilute sulphuric acid 
(100 parts acid of 1-84 sp. gr. to 1 litre), titrated with standard zinc * 
sulphate solution. In commercial dealings the difference between the 
buyer’s and seller’s analyses should not exceed per cent. The zinc 
sulphate solution is prepared by acidifying 10-2 g. of pure zinc sulphate 
(ZnS 0 4 + 7 H 2 0 ) with ro c.c. of sulphuric acid of sp. gr. 1-67 and 
dissolving in water to 1000 c.c. ; the addition of the acid improves the 
keeping qualities of the solution. The zinc sulphate solution is 
standardised against a freshly prepared solution of potassium ferro- 
cyanide containing 10 g. of crystallised ferrocyanide to the litre. For 
the titration, 25 c.c. of the ferrocyanide solution diluted with SO cc of 
distilled water and 10 c.c. of dilute sulphuric acid (sp. gr. 1-67) are 
f-’ p and J* end-reaction judged by spotting, using Schleicher and 
Schull s spotting paper, 601, with a ferric solution (containing iron 
equivalent to 1 per cent, ferric oxide) as indicator. 

in Wh ZTi Meth0d \ ! his iS a modification Of Knublauch’s method, 
in which the pse of the spotting test is obviated. Ten g. of the 
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material are treated with 50 c.c. of a 10 per cent, sodiuns hydroxide 
solution in a 5 00 c.c, flask, the mixture shaken repeatedly, and allowed 
to stand for some time at atmospheric temperature until the “blue” has 
been 'completely decomposed. According to Knublauch, this decom- 
position requires fifteen hours. The use of the dilute alkali solution is 
intended to prevent the formation of alkaline sulphides. The flask is 
filled to the mark, a further ^5 c.c. of water added to allow for the 
volume occupied by the solv’d: matter present, and after thorough 
mixing, an aliquot portion is filtered off. It is advisable not to take a 
greater volume of solution than corresponds exactly to from 1 to 2 g. 
of the material. .This volume, say 50 c.c., is allowed to flow into 
10 to 15 c.c. of a hot solution of iron alum (200 g.+ ioo g. sulphuric 
acid in the*litre) to convert the sodium ferrocyanide into Prussian blue, 
and the mixture heated on the water-bath until the characteristic sweet 
smell, which is probably due to the decomposition of soluble non-blue- 
forming cyanogen compounds, has disappeared. The mixture is 
filtered hot through- a pleated filter paper, kept warm in a water- 
jacketed funnel, and the insoluble matter washed with hot water until 
the washings are quite free from sulphuric acid. The filter paper and 
precipitate are then transferred to a flask, a little water added, and the 
whole heated to boilin»g, with frequent agitation, to separate the filter 
paper and precipitate as completely as possible ; the “ blue ” is then 
estimated directly by means of sodium hydroxide solution. This is 
done by addingV^/50 sodium hydroxide solution in successive small 
quantities until all tfte “ blue ” has been decomjpos^d ; the decomposition 
takes place readily on warming for a short time. The excess of alkali 
‘ is then # titrated back by the gradual addition of iV/5oacid, the solution 
being maintained hot and shaken continuously. The titration is 
finished as soon as the solution acquires a permanent yellowish green 
coloration. It is absolutely essential to heat the solution, otherwise the 
green coloration due to the reformation of “ blue ” appears in a short time 
even in the presence of alkali. 

This method may be extended to the determination of cyanogen in 
coal gas. The results obtained agree well with those of the 
Drehschmidt-Burschell method (cf p. 566). I 

According to Bernheimer and Schiff, 1 the results obtained by direct 
titration, according to Knublauch’s method, are lower than those 
obtained by igniting the reprecipitated “ blue ” and weighing the resulting 
ferric oxide. * 

Their experimental results have been confirmed by Liihrig, 2 who 
also obtained higher figures both by the Nauss and by the Leybold- 
Moldenhajier (cf. infra ) methods than by that of Knublaftch. According 
to Liihrig, none of these methods can be regarded as absolutely reliable; 
x *Chem . Zeit, rgoz, 26, 227, _ 2 J 3 id. t 1039, 
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at present jt is therefore* advisable for buyer and selter to agree to the 
adoption of one and the same analytical method in their dealings. 

4. Moldenhauer and Ley bolds Method , . The “ blue ” decomposed by 

sodium hydroxide solution, the resulting sodium ferrocyanide ^vaporated* 
with sulphuric acid, and the solution finally heated until the ferrocyanide* 
has been decomposed. The sulphate of iron formed is then reduced to 
the Terrous condition by zinc and sulphulric acid, and the solution titrated 
with potassium permanganate. V 

According to Auerbach, 1 the result! obtained by th^s method are 
too high because the alkali extracts, in many casps, other iron com- 
pounds present in the mass, in addition to the ferrocyanide. 

5. Drehschmidts Method? Ten g. of the mass are treated in a 
500 c.c. flask with about 150 c.c. of water and 1 g. of ammonium 
sulphate; 15 g. of mercuric oxide are then added, anjl the mixture 
heated to boiling and maintained at boiling temperature for a quarter 
of an hour. The solution is allowed to cool, and \ to 1 c.c. of a saturated 
mercurous nitrate solution added together with sufficient ammonia 
to produce complete precipitation, the whole being well agitated so as 
to precipitate any thiocyanic acid and hydrochloric acid present in the 
solution. The flask is then filled to the mark and a further 8 c.c. of 
water added, to allow for tlfe volume occupied J Dy the precipitate ; the 
whole is then mixed, and filtered through a dry filter paper. Two 
hundred c.c. of the filtrate, corresponding to 4 g. of the sample, "are 
transferred to a 400 c.c. flask, and ammonia solution ^at least 6 c.c. of 
0-91 sp, gr.) and 7 g. of zinc dust added, to separate«tfie mercury from the 
mercuric cyanide ancf concert all the cyanogen into ammonium cyanide ; 
the mixture is then shaken for several minutes, 2 c.c. of a 30 per cent.* 
sodium hydroxide solution added to prevent volatilisation of hydro- 
cyanic acid, the volume made to 400 c.c., and the mixture again filtered 
through a dry filter paper. One hundred c.c. of the filtrate, corre- 
sponding to 1 g. of the sample, are added to an excess of Njio silver 
nitrate solution (30-35 c.c. will generally sflffice) in a 400 c.c. flask, the 
mixture shaken and acidified with dilute nitric acid, whereby the 
cyanogen is obtained as silver cyanide. The acidified solution is 
Shaken to facilitate the settling of the precipitate, the flask filled to the 
fhark with water, again shaken, and the contents filtered through a dry 
filter paper. The excess of silver is then estimated by titrating 200 c.c. 
of the filtrate with N\20 ammonium thiocyanate solution, according to 
Volhard s method. The # quantity of the latter solution required gives 
the excess of silver, and is to be deducted from the volume of silver 
nitrate solutipn taken. 

According tg Burschell, 3 thiocyanate cannot be completely removed 

1 J. Gasbeleucht, 1896, 39, 258. 2 i892j ^ m and ^ 

3 Ibid,) 1893, 36, 8 j J, Sac, Chem. InH,, 1894, 13, 138* 
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from the solution by means of mercurpus nitrate. For this # reason he 
recommends first extracting the “blue” with alkali hydroxide, as in 
Knublauch’s method, then reprecipitating by addition of an iron salt, and 
decomposing this purified <c blue ” by mercuric oxide. The cyanogen is 
then estimated as silver cyanide by Drehschmidt’s method. 

Lubberger 1 also recommends the employment of the purified <c blue,” 
and not the original spent oxide, for decomposition with mercuric oxide, 
since the- latter may contain, in,-;addition to ferrocyanide, other cyanogen 
compounds v/hich will n£ith®r yield “blue” nor give a precipitate 
with iron salts, but ^hich will nevertheless pass into solution on boiling 
with mercuric oxide, and thus be calculated to ferrocyanide/ He main- 
tains that, coupled with extraction by alkali, the Drehschmidt method 
affords the^nost trustworthy and accurate results. That the modifica- 
tion greatly affects the results obtained, has been shown by Lubberger, 
who, in examining nine different samples of spent oxide by the original 
a$d modified methods, obtained results showing differences varying 
between 1-7 and 3*2 per cent. 

The manufacture of potassium ferrocyanide from spent oxide is 
carried out at the Kunheim works, Berlin, 2 in the following manner : — 
The material is first lixiviated with warm water to extract the soluble 
ammonium salts, including ammonium thiocyanate and ammonium 
sulphate, which are recovered from the solution so obtained. The 
residue is mixed with caustic lime and heated with steam, to convert 
the insoluble cyamde of iron into the soluble calcium ferrocyanide, ferric 
hydroxide being separated at the same time. The calcium ferrocyanide 
is extracted with water, and* the residue, which is rich in sulphur, is 
# utilised # for the manufacture of sulphuric acid by burning, in the usual 
manner. T&e calcium fer/ocyanide solution is concentrated and 
potassium chloride added ~to ; the boiling solution, whereby the insoluble 
potassium calcium ferrocyanide, K 2 CaFeC 6 N 6 , is, precipitated. This 
precipitate is washed and heated with potassium carbonate solution 
when calcium carbonate and* potassium ferrocyanide are formed; the 
latter salt is obtained in the crystalline form on evaporating the 
solution. " 

The intermediate product, potassium calcium ferrocyanide, sometime^ 
appears on the market. For its analysis, 1 g. is boiled with, sodium* 
carbonate solution containing 0-5 g. of the carbonate, and the resulting 
ferrocyanide solution filtered from the calcium carbonate produced. 
The filtrate is then titrated with potassiurxv permanganate solution 
according to De Haen’s 3 method, by diluting to about 1000 c.c., acidi- 
fying with sulphuric acid, and adding permanganate solution until 
a permanent red coloration results. A permanganate # solution corre- 

1 J, Gasbekuchi , 1898, 41, 1 24 ; J Soc. Chem . hid, , 1898, 17, 182. 

2 Kunheim md Zimmerman*?, Ger. Pat. 26884. 3 Annalen , 1854, 90, 160. 



562 


CYANOGEN COMPOUNDS 


Sponding to 0-005 g. Fe per 1 c.c., represents 0-0295 g.'K, CaFeC r N • that 
is, 1 g. Fe = 5-895 g. of the double salt. . 6 ’ 

Should there be any risk of the treatment with alkali dissolving 
substances capable of reacting with permanganate; it is necessary to r 
acidify the alkaline extracts with sulphuric acid, then to evaporate and 
finally to heat the mixture in a platinum dish until fumes of sulphuric 
acid begin to come off; the iron in the* residue is then determined by 
means of permanganate, as described uifider the Moldenhauer-Leybold 
method (cf. ante). . If preferred, the iron* may be precipitated by 
addition of ^ammonia and weighed as oxide, instead of titrating with 
permanganate. s 

Conroy 1 has found De Haen’s method unsatisfactory except in the 
case of pure ferrocyanides. With commercial products, errors are 
introduced, partly by sulphides extracted by the actioij of the alkali 
hydroxide on the mixed cyanide and sulphide of iron, and partly by' 
thiocyanate, which is almost always present in spent oxide. Since 1 cZ 
of A// 10 potassium permanganate solution requires for its reduction 
0-0422 g. of crystallised potassium ferrocyanide, whilst it only requires 
0-001616 g. of potassium thiocyanate, 1 per cent, of the latter requires 
as much permanganate solution as more than 26 per cent of ferro 

“ bluf’’ whS n ?\ eVen ?r 5 ,° f thi0C > ?anate tuning in the precipitated 
Tf W . very difficult to wash, will greatly vitiate the results. 

If thiocyanates are present, the “blue” should therefore always be 'dis- 
solved m alkali, and reprecipitated before titration wkh permanganate 

metnod (p. 558) is much to be preferred t $ that of De Haen. ' 

Commercial Products. 

or J;-^ n “ ^cyanide, K 4 FeC 6 N 6+3 H 2 0, also known as yellow 
prisms Potash, crystallises in amber or lemon yellow tetragonal 

by De^^rltoT ^ 0 ?? 6 rr ciai product is determi -d 

foTfrf by 7 P 56 aSSiUm * obtaffie^^ 

3SSrSiS - '"-~-XK;s 

iri ,h ' : ^ S 

acid, and then adding silver nitrate”^^^ ^ ™ th nitric 
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Potassium ferrocyanide finds extended application in dyeing, and in 
the manufacture of Prussian blue and of potassium cyanide. 

2. Potassiujh Ferricyanide , or red prussiate of potash, K 3 FeC 6 N 6 , is 

-prepared by oxidising the ferrocyanide either with chlorine, lead per- 
oxide, potassium permanganate, or electrolytically. On evaporation, the 
solution yields the anhydrous salt in the form of red monoclinic prisms 
which are readily soluble in water. The solution deepens in colour on 
exposure to light, and a blue precipitate is formed. The salt is 
employed in dyeing, and al§o in the preparation of photographic 
printing papers. « • 

The cyanogen Content is estimated by reducing the salt to ferro- 
c}/anide. This reduction is effected by dissolving 2 g. of the salt in ioo 
c.c. of water, treating with excess of potassium or sodium hydroxide 
solution, and dien adding ferrous sulphate solution, in successive small 
quantities, until the colour of the precipitate becomes dark owing to the 
Separation of ferrosoferric oxide. The solution is then further diluted 
to 500 c.c., 250 c.c. = 1 g. substance, filtered off, acidified with sulphuric 
acid, and the ferrocyanide estimated by De Haen’s method. 

3. Sodium Ferrocyanide , or sodium prussiate, Na 4 FeC 6 N 6 + ioH 2 0. 
This salt, which is also a commercial product, crystallises 'in yellow 
monoclinic prisms. >t is obtained from the calcium ferrocyanide 
obtained on treating spent oxide with lime, in the manner already 
described. The calcium is precipitated from this solution as calcium 
carbonate on treatment with soda ash, and the resulting solution of 
sodium ferrocyanide* concentrated and crystallise^. The sodium salt "is 
examined in exactly the same way as the potassium salt. Where the 

* Bueb process is worked, sodiujp ferrocyanide is obtained directly by 
treating the “ blue ” with caustic soda. 

Sodium ferrocyanide is also readily prepared from the mixture of 
sulphide and cyanide of iron obtained in the reduction of thiocyanates 
by Conroy’s process, 1 by heating a solution of a thiocyanate with an iron 
salt and metallic iron. 

In addition to potassium ferrocyanide and sodium ferrocyanide, 
there are also three double potassium-sodium ferrocyanides with three 
different ratios between the potassiufri and sodium present. The 
examination of these salts offers no difficulties. The ferrocyanide 
content is determined by De Haen’s method, and the potassium and 
sodium in the usual manner. 

• 

2. Other Cyanogen Double Salts 

The method of estimating the cyanogen in double salts is based on 
the discovery of H. Rose, that precipitated mercuric oxide decomposes 
1 Ting. Pat. 3869, of 1896 ; J. Soc. Chem , hid 1898, 17, 98. 
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most double cyanides, such as potassium nickel cyanide, potassium zinc 
cyanide, and the ferro- and ferricyanides, with the formation of oxides of 
the metals, whilst the whole of the cyanogen is converted into mercuric^ 
cyanide. The reaction does not, however, hold good "in the case of 
cobalticyanides. The estimation is carried out by boiling the double 
cyanide with water and excess of mercuric oxide for several minutes 
until decomposition is complete ; the solution is then filtered, and the in- 
soluble residue washed with hot water. Should the oxide be precipitated 
in such condition that it cannot be filtered, alum solutionris added, or, if 
this be not permissible, nitric acid l - until the alkaline solution is almost 
neutralised. The cyanogen is then determined by the Fordos and 
Gelis method (p. 554), after adding the requisite sodium bicarbonate 
to the filtrate. Should it be necessary to determine the- alkali, the 
filtrate is evaporated to dryness with hydrochloric acid to drive off 
nitric and hydrocyanic acids, and the alkali and the mercury in the 
residual chlorides separated in the usual manner. When the alkali 
is determined, the addition of alum previous to filtration must of course 
be omitted. In the case of a double cyanide of potassium and zinc, it is 
unnecessary to separate the zinc oxide previous to determining the 
cyanogen ; the solution is simply treated with sodium bicarbonate and 
the cyanogen then determined by direct titration with iodine solution. 


III. THIOCYANATES 0 c r 

r „ p 

Ammonium Thiocyanate, NH 4 CNS. 

Ammonium thiocyanate is obtainecf as a by-product in the manufac- 
ture of potassium ferrocyanide from spent oxide (cf. p. 561 ) ; it is also- 
manufactured synthetically from carbon bisulphide and ammonia. 

Raw Materials ; Spent Oxide. The thiocyanate is estimated by add- 
ing 50 g. of the spent oxide to 500 c.c. of Water contained in a litre flask, 
and allowing it to digest overnight at the ordinary temperature. After 
standing, the flask is filled to the mark and a further 30 c,c. of water 
^dded, to allow for the volumecoccupied by the 50 g. of the spent oxide ; 
Che whole is then well shaken and filtered. Fifty c.c. of the solution, 
corresponding to 2*5 g. of the sample, are treated with sufficient barium 
chloride, heated, and the precipitated barium sulphate filtered off and 
thoroughly washed. Th$ filtrate and washings are then made strongly 
acid by addition of nitric acid, and warmed, when, as described by Vol~ 
hard 2 and la|er by Alt, 3 the sulphur of the thiocyanate is in a short time 
oxidised to sulpjiuric acid, which forms barium sulphate with the excess. 

1 Cf. Fresenius, Quantitative Analysis , 6th edition, 1876, vol. i., pp. 376 
2 Z anal. Chem 1879, 18, 282. ' * Ibid., 1892, 3^ 349. 
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of barium chloride present in the solution. * The hydrocyanic acid 
liberated in the reaction is expelled by boiling, the solution diluted with 
^hot water, and, 4 he barium sulphate filtered off and weighed. Each 
molecule $>f fhiocyanic acid gives I molecule of barium sulphate. 
Working with pure thiocyanates, H. Alt obtained satisfactory results by 
this method. 

The process is not applicable when the solution contains, in addition 
to thiocyanates and sulphates, other sulphur compounds, which are 
oxidised to sulphates by nitric iacid. 

In the presence- of sulphites and, thiosulphates the thiocyanic acid 
may be precipitated as white cuprous sulphocyanide, Cu 2 (CNS) 2 , in the 
following manner: — To 50 c.c. of the solution is added a solution 
of copper sulphate, containing about 1 g. of crystallised copper 
sulphate in dihite solution, the whole diluted to about 100 c.c., treated 
with sulphur dioxide gas, and allowed to stand for some time. 
The precipitate is allowed to settle at the ordinary temperature, and is 
then filtered and washed. The dried precipitate and filter ash are mixed 
with pure ground sulphur, and ignited in a current of hydrogen until the 
weight is constant. This method gives satisfactory results, generally 
however somewhat on the low side, owing to the cuprous sulphocyanide 
not being absolutely insoluble; 1 molecule of cuprous sulphide cor- 
responds to 2 molecules of thiocyanic acid. 

Linder 1 has devised a volumetric modification of this method based 
on the decomposition of cuprous thiocyanate by sodium hydroxide or 
carbonate, whereby topper oxide and sodium thiocyanate are formed. 
The solution containing the thiocyanate is treated with sodium sulphite 
* and a distinct excess of copper sulphate, the whole boiled for one to two 
minutes, filtered, and the precipitate washed three times with boiling 
water. The precipitate is then washed back into the original flask, 
decomposed by boiling for two minutes with 25 c.c. of a 3 per cent, 
solution of sodium carbonate, the solution filtered through the filter 
paper on which the original precipitate was collected to ensure the 
solution of any traces of cuprous thiocyanate that may have remained 
attached, the residue washed three times with boiling water and the 
filtrate, after cooling, titrated by Volhard’s method after the addition qf 
5 c.c. of nitric acid. If the solution contains more than 01 g. HCNS, 
sodium hydroxide must be used for the decomposition in place of 
sodium carbonate ; both reagents must of course be free from chloride. 
If any ferrocyanide is present, it is first rernaved by precipitation with 
iron alum and the thiocyanate estimated in the filtrate. 

To separate thiocyanic acid from chlorides, C. Mann 2 recommends the 
addition of copper sulphate solution to the thiocyana*te'solution, and 

1 Annual Report on Alkali, etc. Works , 1907, p. 39 ; J Soc. Chem. hid., 1907, 2 6, 683. 

2 Z. anal Ck?m., 1889, 28, 668. 
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then passipg in sulphuretted hydrogen until the resulting precipitate 
begins to turn brown, at which stage some copper must still be in 
solution, otherwise more copper sulphate must be added. The solution 
is filtered and the precipitate washed. The thiocyanic a^id is then*' 
present in the precipitate as cuprous thiocyanate, whilst the chlorine 
is in the filtrate, and may be estimated by means of silver nitrate. In 
two" cases in which 0*302 g. and 0*033 g. of ammonium chloride were 
added to 5 g. of pure ammonium thiocyanate, 0*607 g* an d 0*104 g. of 
silver as silver chloride were obtained respectively, instead of the 
calculated quantities 0*609 g* and 0*107 g. c 

According to Volhard, 1 the oxidation of thiocyanic acid by nitric acid 
may also be applied to the estimation of chlorides in the presence of thio- 
cyanate. In applying this method to the determination of £he chlorine, 

2 to 3 g. of the thiocyanate are dissolved in 400 to 500 c.o. of water, the 
solution heated on the water-bath, and nitric acid added, in small 
quantities at a time, so long as a reaction can be observed. The mixture 
is allowed to stand on the water-bath, water being added from time to 
time to replace that lost by evaporation, until a test sample of the 
solution ceases to give the thiocyanate reaction with a solution of a 
ferric salt acidified with nitric acid. The solution is then made alkaline 
by addition of ammonia, transferred to a dish*and evaporated on the 
water-bath until about one-third of the solution has been driven off. 
The residual solution will then be free from thiocyanic and hydrocyanic 
acids, and may be titrated for chlorine with silver nitrate solution in the 
usual way. It is stated that no appreciable anfount of chlorine is 
evolved during the decomposition of the tfiiocyanate. 

To separate thiocyanic acid from hydrocyanic and hydroferrGcyanic r 
acids, the hydrocyanic acid is estimated by titration with silver nitrate 
solution as described on p. 350, the hydroferrocyanic acid in a second 
portion is converted into ferrous sulphate as described on p. 560, and 
titrated with permanganate, whilst the thiocyanic acid is oxidised, in a 
third portion, with nitric acid as described above, and the barium 
sulphate weighed. 

Ammonium thiocyanate crystallises in colourless plates, which are 
(Jeliquescent, readily soluble in alcohol, and melt at 1 39°. The estimation 
<§f the thiocyanate in the pure salt, free from chlorine, is made by 
Volhard’s method, 2 in which a solution, containing about oa g. of 
thiocyanic acid in 100 c.c., is acidified with nitric acid, a small quantity 
of iron alum solution (fre$ from chlorine) added, and titrated with N/ 10 
silver nitrate solution until the red colour of the ferric thiocyanate 
completely disappears : — 

* NH 4 CNS + AgN 0 3 - AgCNS + NH 4 N0 3 . 

The ammonia in ammonium thiocyanate cannot be estimated by 

1 Z. anal Chem., 1879, 18, 282. * 2 Ibid,, 1874, 242. 
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distilling the solution with alkali hydroxide, since this also decomposes 
the thiocyanric acid with the formation of ammonia. The liberation of 
# the ammonia q&n, however, be effected by calcined magnesia, which is 
jvithout action" on the thiocyanic radical. 

Ammonium thiocyanate forms the starting point for preparation of 
the other thiocyanates. 

Potassium Thiocyanate, KCNS. 

Potassium thiocyanate is ^obtained by treating the ammonium 
salt with potassium carbonate. It forms long, colourless prisms with 
four-sided pyramidal ends. The salt is readily soluble in water, and 
deliquesces in the air. The estimation of the thiocyanogen content is 
carried out exactly as in the case of the ammonium salt. 

The thiocyanates are used in dyeing and in calico-printing. 


* 
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By P. Kreiling, Berlin. English translation revised by W. BURTON, Director 
of Pilkington’s Tile & Pottery Co., Clayton, Lancashire. 

Clay is a decomposition product of aluminous rocks** It consists 
of varying mixtures of minerals, its characteristic and most valuable 
constituent being “Clay-substance/ 5 i.e., amorphous, hydrated silicate 
of alumina. The properties of plasticity, setting on drying and 
complete hardening on burning, are primarily due to this constituent. 
The extraordinary variety of clays and their diverse properties and 
applications are determined by variations in the physical properties of 
the clay-substance, and in the physical state, ^chemical composition, 
and amount of the other admixed minerals. From the technical point 
of view, it is necessary to distinguish between the clay-substance which 
gives plasticity and other substances which are aplastia or which act as 
fluxes in firing. All substances which lessen the plasticity or working 
properties of a clay are called shortening, Mean,” or aplastic materials. 
Fluxes are those substances which render a clay more easily fusible. ~ 
All such substances however act as aplastic materials by diminishing the 
plasticity of the clay in working ; the special properties of the fluxes 
only become apparent at the higher temperatures of the firing process, 
and are naturally most pronounced when the substances are in a 
sufficiently fine state of division. The usual mineral impurities found 
in clays, which act as fluxes, are the alkalis or alkali silicates, and the 
oxides of iron, calcium, and magnesium ; free silica*; in whatever form 
it may be contained in the clay, also acts as a flux at a sufficiently high 
temperature. The most refractory clays are accordingly those that 
approach most nearly to the composition of the most characteristic clay- 
substance, the pure hydrated silicate of alumina, A1 2 0 3 . 2SiO s . 2H 2 0. 

In the investigation pi the technical qualities of a clay, both 
mechanical tests and chemical analysis are necessary ; under the latter 
head a distinction must be drawn between a complete quantitative 
analysis and*w£at is known as a “ rational analysis.” So far as 
working properties are concerned, priority must be given to mechanical 
tests, but to form a complete idea of the behaviour of a«clay they must 
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be supplemented by chemical analysis. . The chemical analyses of clays, 
has been directed to two distinct ends : firstly, to determine the 
composition of ^pottery clays in relation to the production of fine 
ppttery*, anc^secondly, for purposes of scientific investigation. Zschokke 1 
has suggested the adoption of a combined chemico-mechanical analysis 
based on elutriation and rational analysis ; whilst there is nothing to 
be said against such a method, it is necessary to emphasise the fact 
• that physical tests are the most useful in determining the working 
properties of a-clay; they may# be supplemented by chemical analysis 
when desirable. 


PHYSICAL EXAMINATION 

The object *of a physical examination is, as stated, to determine the 
working properties of clays ; from the results obtained positive con- 
clfisions can be drawn as to the applicability or otherwise of any 
particular clay for a specific use. The examination includes : — 

1. The estimation of the mineral mixtures composing the clay, and 
their state of division. 

2. The determination of the plasticity, or power of fashioning. 

3. The behaviour of«the clay on drying. 

4. The behaviour of the clay during firing, and its refractoriness 
or otherwise, 

I. Estimation of the Mineral Mixtures composing the Clay, 

„ , AND THEIR STATE OF DIVISION 

As already stated, clays are mixtures of various minerals of which 
some form of hydrated silicate of alumina is the most important, all of 
which are generally in a finely divided state. Usually the “ Clay- 
substance” is the finest of all the constituents of a clay, the sand, mica, 
and other mineral ingredients being of sensibly coarser grain. This is, 
however, not invariably the case, eg., with the white clays frequently 
found as a decomposition product in mountain limestones, as in that 
of North Wales and Derbyshire (W. Burton). 

For the purpose of separating these various substances, a method of 
Elutriation is used, but this is naturally very incomplete as a scientific 
method, since it does not effect the decomposition of the clay into its 
constituents, either in the chemical or in the mineralogical sense. 
The treatment only effects an approximate separation of the various 
substances into finer and coarser portions, a matter of thew highest 
importance (especially with regard to the latter), in ^respect to the 
working properties of the clay. An exaggerated idea of the value of this 

1 Baumaterialienkunde , 1902, Nos. 10 and 21. 



570 - 


CLAY 


process of elutriation has led to the construction of several sensitive and 
complicated pieces of apparatus, such as the “Elutriation* Apparatus” 
devised by Schone (cf. p. 690). * 

The actual requirements of practical work are fully met^by the use 
of a series of suitably graded sieves. Sieves of about 12 cm. diameter : 
formed with brass rims, across which are stretched webs of wire gauze, 
are "the most convenient. The graduation of the sieves to be employed 
depends on the particular clay and its prospective use, but for most 
purposes two sieves, one of goo and Jhe other of 4900 meshes per 
sq. cm., are sufficient. The coarser sieve is placed in a large 
funnel supported in the ring of a retort stand, so arranged as to 
deliver all the material that passes through it on to the finer sieve. 
Where it is necessary to retain and collect the finest portions of a clay, 
the second sieve is also supported in a funnel, the delivery tube of 
which opens over a large glass jar. 

The separation is best conducted by placing from 100 to 500 g. pf 
the clay in a glazed jar or porcelain dish, covering it with water, and 
leaving it to stand until completely softened. The mass is then well 
stirred into an even state of suspension with a soft brush. The finer 
portions are poured off first into the coarser sieve, care being taken 
that any lumps of clay and the coarser sedinjent remain behind in 
the mixing vessel. This process of mixing and pouring off is 
continued until the added water remains almost clear. The residue in 
the mixing vessel is then washed into the sieve by means of a wash- 
bottle, and all that is retained by the sieve is repeatedly washed until the 
water that flows away is quite clear. The* mass on the sieve may need 
gentle stirring (not vigorous rubbing) from time to time, with the brush • 
previously used, to facilitate the passage of the water and pf the finer 
particles. If it is necessary to brush the second fine sieve, a different 
brush should be used, and, finally, the washings from each brush should 
be run through the respective sieves. When the washing is completed, 
the sieves and their contents are dried*at a moderate heat, and the 
contents carefully removed from each sieve and separately weighed on 
a sufficiently delicate balance. In this way the percentage of the two 
residues can be readily calculated from the amount of clay taken. 

The next step is to form* a reasonable idea of the nature of the 
residues, and to ascertain whether they contain substances that might 
prove detrimental in practice. The residues are spread out on sheets of 
white paper and examine^ with a lens, or for a more thorough examina- 
tion,^ with a microscope. Different common minerals may be 
readily Recognised by their appearance, their hardness, or their be- 
haviour under pimple chemical tests. The following substances are 
generally regarded as detrimental, especially if they occur in quantity 
or in particles of definite size : Calcium carbonate, gypsum, and iron 



PLASTICITY 


571 


pyrites, though finely divided calcium carbonate may generally be 
disregarded. • If the colour or whiteness of the fired product is of import- 
ance, then gypsum and iron pyrites frequently prove a serious drawback 
to the * use^ of "otherwise suitable clays. A conclusive proof of the 
detrimental nature of the coarser impurities can be made by mixing 
the residue with a small quantity of the clay so as to intensify their 
effect. The size of the granules in the coarse residue is measured along 
the greatest axis, and is generally stated thus : “ Granules range 
up to x mm.” «* 

# II. Plasticity 

The exact determination of the plasticity of a clay is very difficult 
to effect, bu£ as only a practical working guide is usually required, 
sufficient information can, as a rule, be obtained by an approximate 
estimation of the amount of water needed to bring a clay into the 
condition in which it is readily workable without being too soft. Speak- 
ing generally, the more plastic a clay is, the more water it will absorb 
without becoming fluid, so that a plastic clay will give a working mass 
of lower specific gravity than a less plastic clay. In exceptional cases a 
clay may contain foreign substances of such a nature or in such amount 
as to interfere with thi^ test, but when the conditions are reasonably 
similar, the method affords a rapid means of comparing the plasticity of 
various clays. 

To carry out the determination, a metal or glass ring is taken 
of such a size that*When closed with covering plates at each end it 
encloses a space of 70 c.c. Tliis ring is placed'on a thick sheet of glass, 
♦and is filled with the watered clay in its most plastic condition. A steel 
ruler or spatula is then wetted, drawn over the rim until the surface of 
the clay is faultlessly level with the mould, the mould then turned over 
on to another sheet of glass, and the bottom surface of the clay 
accurately levelled. The metal rim and the sheets of glass should be 
lightly oiled to facilitate the*delivery of the clay (W. Burton). The 
weight of the mass ©f clay (of 70 c.c. in bulk) is then determined, and is 
a good index of the*plasticity. If the weight is 120 g. or less, then the 
clay is highly plastic or “flat” ; if from 130 to 125 g., the clay is particu- 
larly plastic; if from 125 to 130 g. weight, the plasticity is still marked 
clays giving weights of 130 to 135 g. are sufficiently plastic for many 
purposes, but when the weight rises from 135 to 140 g. the clay is 
“ lean ” and deficient in plasticity. The presence of calcium carbonate 
interferes with this rapid determination more than any other factor; 
the weight of the mass obtained is then considerably lowered*, so that 
the omission of due allowance for this ingredient may, easily lead to 
deceptive conclusions. 

From the indications giv 5 n by the foregoing method, further infor- 
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mation muy be gained r by determining the amount of some definite 
aplastic substance that can be added to the clay without Impairing its 
working properties or its behaviour on drying and firftig. It is to be^ 
borne in mind that a very plastic clay is improved in these aspects by 
the addition of “ leaner ” clays or of aplastic substances ; also, that the 
tenacity of the clay prepared as described above, when air-dried, has 
been taken as a measure of the plasticity, whereas, in fact, it is only a 
measure of the binding power. The various properties of plasticity, ^ 
water-absorption, and binding power m^rge into each < 3 ther in such a 
way that a separate determination. of each is hardlj* possible ; neverthe- 
less, the amount of aplastic material, such as fine sand, flint, or grog, 
which can be properly added to a plastic clay to fit it for use in the 
factory, is a very important practical factor. # 

The determination of the tenacity of air-dried clay bodies demands 
such care and attention, if reliable results are to be obtained, that it is 
not generally practised in a technical examination. * 

III. Behaviour of Clays on Drying 

A study of the behaviour of clays on drying includes the measure- 
ment of the contraction in cfrying, and the observation of the phenomena 
exhibited during the process. To determine the contraction of a clay 
or clay mixture, small sample blocks, generally 9 x 4-5x2 cm. ’ are 
carefully moulded in metal or wooden moulds, from the plastic mass. 
Immediately they are removed from the moulds tlfe blocks are marked 
and weighed, and then alfowed to dry. The linear contraction may be 
measured in various ways, of which, perhaps, the best is to describe a* 
circle of exactly 5 cm. radius on the block with a sharp-pointed pair of 
compasses; when the block is completely dry and its contraction 
finished, the difference in the measurement of its radius multiplied by 
20 gives the percentage measure of the linear contraction. 

The amount of water added to the day to bring it to a working 
condition influences the contraction ; this amount is’given by the differ- 
ence in weight between the freshly moulded and thtf dried block, and it 
|s best expressed as a percentage of the weight of the dried clay. The 
contraction and the percentage of added water may be expressed as 
follows : In presence of 20 per cent, of added water, the linear con- 
traction in drying is, say, 10 per cent. 

It is further important to observe whether the moulded and dried 
samples are free from cracks, and whether the edges and sides remain 
sound a&d gomplete. Faults in these respects are generally due to 
over-plasticity, #nd can be remedied by the suitable addition of shorten- 
ing material. The dried samples must, of course, be sufficiently 
tenacious to stand the necessary handling for their further treatment. 
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IV. Behaviour of Clays on" Firing ^ 

For a rapid examination of the behaviour of a clay when fired, it is 
usual t‘o employ a small furnace, preferably heated by gas, such as an 
ordinary muffle or an experimental gas furnace. The dried sample 
blocks are fired at temperatures suitable to the required ware, the 
temperature being observed by the use of Seger cones. Such experi- 
* ments generally commence at 950°, and may proceed to any desired 
temperature. Observation is specially directed to the changes which 
the clay undergoes,* particularly as^to appearance, colour, porosity, 
contraction, and fusibility. As regards the appearance of the fired clay, 
it should be free from cracks or blisters, and should be homogeneous in 
colour. Cracks may be due to excessive plasticity, to its reverse, 
excessive shortness, or to the presence of too coarse particles. The 
first of these defects is indicated by excessive contraction ; it may come 
ir*to play when the total contraction during drying and firing exceeds 
iz per cent., and in such cases the clay needs to be shortened. Too 
short or unplastic clays also tend to crack on firing, so that the 
application of such clays to manufacturing purposes is limited, unless 
they can be used with very plastic clays (W. Burton). Where the 
cracks are due to coarse particles, these become evident on breaking the 
fired block at the crack. To avoid this fault the coarse particles must 
either be removed from the clay, or the whole must be finely ground. 

Evenness of Colour is important, especially in the manufacture of 
fine wares. In these cases especial attention must be paid to the 
soluble salts contained in the clay. Sulphates, of which gypsum and 
•sulphate of magnesium are most commonly met with, are the chief 
cause of colour faults in clay wares. If present, their action must be 
estimated by extracting the clay with slightly acidified water as 
follows : 100 c.c. of water and a few drops of hydrochloric acid 
are added to 25 g. of the clay-powder in a porcelain dish; if 
carbonates are present in the clay, they must first be decomposed by 
covering the dish with a clock-glass and warming. The extraction of 
the soluble sulphates is carried out by warming the dish and its 
contents on the water-bath, and repeating the treatment with acidified 
water until a filtered sample ceases to show the presence of sulphuric? 
acid. When the clay has been completely extracted, the total washings 
are warmed and filtered. 1 The filtered liquid is brought to a definite 
volume either by dilution or evaporation, and Jialf of the solution used 
for the determination of the sulphuric acid, and the other half for the 
determination of the calcium and magnesium. If, however, carbonates 
are present in quantity, the following method of determgiing the soluble 

1 An excellent filtering apparatus for this purpose is described by J. W. Me]lor, Trans * Eng , ; 
Ceramic Soc., 1906-7, 6, 54. 0 
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.salts should be used f the clay is extracted with pure water, the 
turbid wash-water decanted and lime water added to the decanted 
liquid, and the whole saturated with carbon dioxide. The liquid is them- 
boiled, when the reprecipitated calcium carbonate carries down the fine 
clay and clarifies the liquid. The clear filtrate from the precipitate 
can then be used, as described above, for the estimation of sulphuric acid, 
calcium, and magnesium, or for the determination of all the soluble salts 
present. 

When the amount of sulphates in a riay may give rise to defects of 
colour, the^ clay must be treated,* in actual use, with a corresponding 
amount of a barium salt, to produce a uniform colour. For this 
purpose, barium carbonate or barium chloride are generally used ; the 
former is usually preferred, as no bad effects follow from}- the employ- 
ment of a slight excess of this compound. In the case of barium 
chloride it is necessary to add exactly the amount required to correspond 
to the sulphuric acid present, but it is usual to employ as much as twice 
the theoretical amount of barium carbonate ; the addition is made before 
the clay is fashioned into shape. In some works it is customary to use 
the carbonate and chloride of barium together, thus avoiding any excess 
of the chloride. 

Colour defects due to sulphates may also* arise from the simul- 
taneous presence of calcium carbonate and iron pyrites in a clay.. In 
presence of air and moisture, sulphates are formed by interaction from 
these two substances, so that, where such clays are^to be used, they must 
not be exposed to the air. Finally, the presence °of calcium carbonate 
alone has been found to cause colour defects in certain clays, giving rise 
to sulphate of calcium by retaining t)ie sulphurous fumes of\he fuel* 
used in burning. Wares exhibiting these defects are generally known 
as “ flashed ” or “ struck ” ; such colorations may usually be avoided by 
firing alternately with a “ reducing ” and an “ oxidising ” kiln-atmosphere, 
the calcium sulphate being thereby reduced. 

Vanadium compounds which are found in certain clays may also give 
rise to defective colour in fired wares (cf. p. 601). The most characteristic 
defect of this kind is a greenish-yellow colour most 1 " frequently found in 
? under-fired pieces. The colour generally makes its appearance as a 
“ bloom ” when the pieces are wetted, and as it is readily soluble in hot 
water, its nature can be easily ascertained by chemical tests. The 
defect can be avoided by a sufficiently intense firing. 

Colour. — Every clay* fires to a characteristic colour, but the tint 
depends primarily on the amount of ferric oxide contained, and further, 
on the mtio^of the ferric oxide to the other constituents, particularly to 
the lime and alumina. Thus, clays rich in lime and poor in ferric 
oxide burn white, if the firing temperature is sufficiently" high (W # 
Burton). Clays in which the ratio of feme oxide to alumina is 1:15 
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also burn white ; where this ratio is i : ip the clays burn yellow, and if 
the ratio is so low as i:2or 1:3, lime also being low, the clay burns 
.red. Calcareous clays burn red so long as the quantity of lime is 
npt more tl^n 6ne and a half times that of the ferric oxide : clays richer 
in lime burn yellow, provided the firing temperature does not exceed 
900°. In these statements it is assumed that all the constituents of the 
clay are in a state of fine division. 

► Density. — A measure of the closeness which a clay assumes on 

firing may be obtained by a determination of its porosity. Generally, 
though by no means invariably, the ^higher the firing temperature the 
denser will be the fired clay. To obtain an idea of the behaviour of a 
clay in this respect, the porosity (cf. p. 591) of sample blocks is deter- 
mined, after ffiring at different temperatures. For this purpose each 
block is weighed, the weight and firing temperature noted on the 
block in pencil, and the blocks then placed in boiling water. In order 
tlmt the pores of the clay blocks may be completely filled, the samples 
are left in the water, with the top edge just uncovered, for at least twelve 
hours. When cold they are taken out, the superficial moisture removed 
with a cloth, and again weighed. The difference in weight is, of course, 
that of the absorbed water ; it may be expressed as a ratio of the original 
weight of the blocks; ^ as to give a measure of the comparative 
porosity. 

Vitrification, which means the attainment of the greatest and most 
complete closeness of the particles of a fired clay, is of great importance 
in judging the working properties. When a clay has attained complete 
density or closeness, it should absorb only the # most minute amount of 
Water. This closeness of texture produced by vitrification, is roughly 
classified by. reference to the properties which various clays or mixtures 
assume when they are sufficiently fired, and the term is accordingly 
applied to the closeness of the texture of porcelain, earthenware, or 
bricks respectively. The fracture of a perfectly fired example serves as 
a good guide, and the conchoidal fracture of porcelain, the earthy 
fracture of earthenware, or the lustrous or hackly fracture of paving 
bricks are regarded as characteristic of different degrees or of different 
types of vitrification. The vitrification point of a clay, z>., the tempera- 
ture at which it begins to fuse, must not be confounded with its melting^ 
point. Generally speaking, the greater the temperature interval between 
vitrification and melting of any particular clay, the more suitable it is 
for manufacturing purposes. Some clays tengi towards intumescence 
on firing, so that at a certain point they swell considerably and lose 
their shape ; when broken, after firing, such clays are coarsely porous, 
like pumice-stone. This intumescence is due to a sij^den develop- 
ment of gases at the softening point of the clay, which are unable to 
escape as rapidly as they are formed. This fault may generally be 
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. remediedby adding suitable aplastic materials to the clay, and by slow 
firing. 

Firing* Contraction is the term applied to the# contraction clay 
undergoes when fired. This property varies with the temperature* 
reached, and is determined, as in the case of “drying contraction,” t>y 
contraction marks. The amount of contraction depends chiefly on two 
factors which work in opposite directions, viz., the contraction of the 
clay-substance and the expansion of the quartz ; the contraction will be 
greater or less, according as one or other of these factoss preponderates 
This statement only applies to clays poor in alkali^ or lime ; in clays or • 
clay mixtures containing such constituents, the formation of fusible 
silicates also plays an important part if the firing is carried to a 
sufficiently high temperature (W. Burton). A clay rich in quartz 
particles and poor in clay-substance may even expand /a firing The 
contraction or expansion, as the case may be, is generally expressed as 

a. percentage of the length of the fired block, as in the case of 
disintegration. # 


Refractoriness. This property affords information as to the 
temperature to which a clay may be exposed without melting and losing 
its forrm Since all clays are refractory to a certain extent, it is usual to 
distinguish ordinary clays from those which are highly refractory • the 
latter are usually spoken of as “ refractory clays.” In order to arrive at 
an idea of the refractoriness of a clay, the only available method is to 
make comparative tests with clays or other substances, the behaviour of 
which is known. This is especially important in technical work, because 
e refractoriness of* a day is determined by many factors, apart from 
its exact chemical composition. The subject has attracted much 
attention among German ceramic ch'emists, and the work of Bischof, 
Rlcb , r ’ Seger, and others has resulted in the establishment of definite 
methods by which reasonably concordant results may be obtained 

Before describing either of the methods which may be used for 
obtaining a correct idea of the refractorines of a clay, some general 
considerations are desirable which are applicable in- all cases, and g which 
mS J 6 att ® nde f t0 lf rellable results are to be obtained. As the 

Cneciarv to Se i°k * C ° mparls ° n with standard cla y s ^ mixtures, it 
FnrrhTft 7 , ke as man >’ P° mts of comparison as possible 

fmm d a V he Kr nC T 10nS J W i Ilbe aU the more reliabIe > ^ they are deduced 
ZZ 2 ° b . tamed at . different temperatures. Thus, besides observa- 
tions made at a very higfi temperature, it is necessary to compare the 
results obtained at some lower temperature, fixed according to the results 

must^L^eTsev , SUbS£qUently a SedeS ° f dominations 

ade^at several still lower temperatures, in order to arrive at 

otate'Z a0M f M t0 the contraction, etc., that will be 

obtained in manufacture. Certain definite*™!** 
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the result of the cumulative work of many experimenters, ^hich may 
be summarised as follows : — 

1. A single ignition experiment affords insufficient ground for the 
"formation of an opinion. 1 A certain and final opinion can only be 

arrived at by means of a series of separate determinations which agree 
among themselves. If the temperatures are too high or too low the 
results may be vitiated accordingly. Clays may apparently behave 
r alike up to a certain point, and then one of them may rapidly break 
down ; a result obtained at too low a temperature would, in such a case, 
be misleading as to^the industrial application of the clay in question. 
On the other hand, firing a clay at too high a temperature may lead to 
results that would not occur in practice because of errors arising from 
such causes as the following : — The natural falling to dust, volatilisation 
of certain ingredients, the influence of the material of the crucible or of 
the substance used for supporting the experimental pieces or the 
carrying over of slag or ash, all of which are more liable to come into 
play at excessively high temperatures. 

2. Whatever temperatures are employed for these determinations, 
they should be recorded with the utmost accuracy by suitable pyrometers 
or pyroscopes, the reliability of which has been checked. 

3. As the final resylt can only be obtained by many separate 
observations, intermediate values being arrived at by interpolation, it is 
very necessary that more than one determination should be made at 
each selected temperature, and that the individual results should agree 
among themselves. ' • 

Methods of Determination. — For purposes ot standard comparison 
it is necessary to arrange a series of substances the pyrometric behaviour 
of which is # constant and definife ; various series have been proposed 
for this purpose by Bischof, by Seger, and by Kreiling. 

Bischofs method 2 is based on the use of control samples prepared 
from a mixture of 1 part of pure alumina with 1, i T %-, i T %, etc., parts 
of pure silica, 1 part of the -best fireclay being added to the mixture 
in each case. The* mixtures are moulded into small cylinders which 
are used as pyroscopes for ignition with the clay to be tested, their 
behaviour furnishing a scale by means of, which identical experiments 
may be carried out with certainty and reliable results obtained. x 

Seger 3 has adapted his well-known pyrometric cones as standards 
of comparison, instead of the norma] mixtures of Bischof. The com- 
position of these cones, are well known to jail workers in the clay 

1 Cf, C. Bischof, Die feuerfesten Tone, 1S95, p. 184; also P. Kreiling’s monograph, “Die 

Giroder Tone” ( 'Sprechsaal \ 1898, Nos. 7-10). ~ 

2 A full description of the method is given in Die feuerfesten Tone , p. 142^/ seq, 

3 Cf. Collected writings of A. Seger , edited by Hecht and Cramer ; English translation 

edited by A. V. Bleininger. * 
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industries j they possess the great advantage over normal clays that 
they are standardised by the German works before they are issued, 
and as they have become recognised articles of commerce all over the 
world, they afford the certainty of always having a substance^of constant' 
composition for comparison. 

P. ICreiling has extended the methods due to Bischof; he considers 
that natural clays afford better criteria for purposes of comparison than 
artificially prepared mixtures such as those used by Seger. The pro- 
cess really involves the deduction of an ^unknown quantity from known 
data, and whilst the . accuracy of the conclusions .may depend on the 
accuracy of observation of individual ignitions, certainty in the use of 
such a method can only be obtained by extensive preliminary practice 
with well-established standards. 1 Kreiling contends that a carefully 
selected series of normal clays taken in systematic ord£r, affords the 
most useful method for estimating the value of any natural clay to 
the clay worker; as each normal clay should be a typical representative 
of a particular group of clays, it should furnish a many-sided and com- 
prehensive standard. By the use of such standards a definite position 
can be allotted to an unknown clay with the greatest accuracy, and by 
repeated experiment it becomes possible to place the clay so accurately 
by comparison with well-known standard clays, that a great deal maybe 
learned directly about its general working properties. Further, natural 
clays have many advantages over artificial mixtures, especially as their 
fusion-phenomena are directly comparable with each other, while those 

artificial mixtures are not, and the less the behaviour of a melting 
mass resembles that of a Tnelting clay, the'less reliable is such a mixture 

of “the IT "J ! b ;“T i0Ur f a Clay - A -? ainst this great advantage 
LTLT , ? S the ° biection has b '“ made in Germany 

Whatever method of pyrometric investigation be adopted the 

,beSd P ar‘ P 3 mUStbe b< "™ “ »** ^ ace-arate rest , Ct t o 

” Preliminary ignitions must first be made to ... „ -j , 
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series of ignitions, which must be repeated until concordant ^results are 
obtained from several experiments. 

If the pyrometric tests are then supplemented by reliable analyses, 
the conclusions gain very much both in completeness and in certainty. 

Certain characteristics of fusion are to be looked for in pyrometric 
observations, which form the real starting point for all the deductions. 
After a sample has been ignited it has to be decided, apart from 
changes in colour, volume, or hardness, whether any change in shape 
or deformatiom has taken place. The first sign of incipient fusion is 
the formation of a v vitrified cifating^ which ranges from the slightest 
glassy or oily appearance of the surface to a thicker vitrified coat, 
extending until the mass flows, becomes enamel-like, or, finally, even 
glassy. In other cases signs of fusion may be found , in the interior of 
the sample when it is broken. Thus the mass may contain isolated 
savities, or it may be finely or coarsely porous or approach the con- 
dition of pumice, or it may be blistered and cavernous, according to 
the temperature used and the nature of the clay. When the temperature 
das been sufficiently high to alter the shape of the sample, it is found 
:hat with increasing temperatures the cylindrical test piece may become 
successively conical, spherical, hemispherical, and then drop-shaped ; 
inally, the drop broadens out to a pad-shape, flattens, and then 
iquefies completely. It may be stated, generally, that if a clay melts 
;o ah enamel or glass, this may be regarded as a sign of easy fusibility. 1 

A furnace of the type of that designed by Deville is the most useful 
or these determinations. 2 

The clays to be tested are worked up witir water, shaped into 
:etrahedra, and dried, or even slightly ignited. These tetrahedra are 
hen placed alternately, either with Seger cones or with similar 
etrahedra of normal clays, in a refractory crucible, the test pieces 
>eing fixed on to a refractory stand with a little mucilage, or, better 
till, with a thin paste of kaolin. The relative positions of the tetrahedra 
>f clay and of the firing standards must be accurately noted. In testing 
, clay, it is customary to begin with the lowest refractory standards, say, 
or instance, Seger cone No. 26, and with this, as a further control, cones 
sTo. 27 and No. 28 are generally used, with two or three cones of the 
lay to be tested placed between them. When these have been fixed* 
n the crucible it is closed by the lid and placed in the Deville furnace. 

The furnace is lighted with paper ; charcoal is then added in small 
lieces,, and is brought to a glow by slowly working the bellows. When 


1 For the special pyrometric methods of testing other refractory materials such as quartz, 

mdstone, graphite, etc., cf. Bischof, Die feuerfesten Tone, pp. 140, 141. - * 

2 Full particulars of such furnaces and their use will be found in C. BisdSofs Die feuerfetieii 
'one, p. 1 31 et seq., and in Seger’s Collected writings , vol. i., p. 222 et seq . Cf. also H. O. 
[ofmano,_7 S° c ‘ Chem. Did., 1895, 14,^69. 
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glowing h^s started, small coke or gas-retort carbon is added in weighed 
quantities, and the treading of the bellows carefully regulated by the 
watch, so that a definite number of treads are made*per minute. A 
still better plan is to regulate the air-blast by means of a manometer 
attached to the apparatus. 

The ignition is continued until the crucible becomes distinctly visible 
again. It must then be withdrawn from the red-hot furnace and 
opened ; if the lid is fused on to the crucible, it must be carefully 
removed with a chisel, every precaution being taken net to scatter or 
disarrange the contents. The appearance of the test pieces indicates 
whether the" temperature has been sufficient to afford definite informa- 
tion. In general, 900 g. of gas-retort carbon or 1 kg. of coke are 
sufficient to fuse Seger cone No. 26. If further ignitions are necessary, 
roo g. more coke or retort carbon are taken each time uiftil the clay to 
be tested melts. After each experiment the ash, etc., left in the furnace 
is removed, so that the furnace is immediately ready for the further 
ignitions. While good coke may be employed as fuel, the use of gas- 
retort carbon is recommended, as it leaves only minute quantities of 
ash, and it is a highly concentrated fuel which allows high temperatures 
to be reached more easily than with coke. 

The Kryptol ” furnace and the Ohio Electric furnace may be 
employed in place of the Deville furnace (W. Burton). 


^CHEMICAL ANALYSIS'* 


I. Total or Centesimal Analysis 

Total analysis affords information on the composition of a clay with 
regard to the proportions of the various basic or acidic oxides present. 
This is generally attained either by fusion with alkali carbonates, or by 
treatment with hydrofluoric acid or with ammonium fluoride.” The 
results of both methods need supplementing by a determination of the 
loss on ignition, and if necessary, of the contained sulphuric acid 
sulphur, carbon dioxide, etc. 


x. Fusion with Alkali Carbonates. 

For this purpose a mixture of potassium and sodium carbonate in 
molecular proportions is generally used; other proportions have often 
been suggested, and the use of sodium carbonate alone has also been 
advocate^, but the mixture in molecular proportions is the most useful. 
From i to 2 g.«pf the finely powdered clay, dried at 120°, are weighed 
into a platinum crucible, 1 g. of the mixed carbonates added and stirred 
into- the clay powder carefully with a glass rod. This operation is 
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repeated until from’ six to ten times tfye weight of the clay* taken has 
been added *and the mixture looks perfectly homogeneous. The glass 
rod is then cleaned by rolling it round in a further small quantity of 
the fusion* mixture, which is added to the mixture in the crucible. 
The covered crucible is then warmed over a small Bunsen flame and 
the temperature gradually increased up to a full red heat, whereby the 
mass is gradually fused. When the contents of the crucible are in a 
► state of tranquil fusion, the heat is withdrawn and the crucible allowed 
to cool; strong- ignition over the blowpipe is unnecessary, and should 
therefore be avoided. When^he crucible is cold, the bottom should 
just be raised to a dull-red heat, twice successively, by applying a small 
Bunsen flame; this proceeding facilitates the removal of the melt from 
the crucible. When the crucible and its contents are again cold, a few 
c.c. of distilled water are poured in and heat aggin cautiously applied, 
the melt being watched all the time, so as to avoid any bumping or 
spirting ; after a few minutes the melt will become detached from the 
crucible. The contents of the crucible are then washed into a large 
platinum dish, covered with water, the dish covered with a clock-glass 
and heated on a water-bath until the melt is completely softened. 
Hydrochloric acid is then added in small quantities at a time, so as to 
avoid excessive effervescence, and when excess of the acid has been added, 
the solution is filtered off and the filtrate evaporated to complete 
dryness on a water-bath. In the later stages the drying is facilitated 
by constant stirring with a glass rod, so as to keep the residue in a fine 
powdery state. Wh^n all t£e hydrochloric ac;,d has been driven off 
the powdery residue is heated for an hour in an air-bath at 120°. It 
is generally necessary to treat the residue a second time with hydro- 
chloric acid and evaporate down to dryness again, so as to ensure the 
separation of the silica (W. Burton). When cold, the contents of 
the dish are again moistened with moderately strong hydrochloric acid 
and allowed to stand for one hour ; water is then added and the contents 
of the dish warmed on the ^ater-bath until the supernatant liquid is 
clear. The solution is then poured through a filter and this treatment 
repeated until the residue remains colourless on being moistened with 
hydrochloric acid. The residue, which consists of Silicic acid \ is trans- 
ferred to the filter and washed with hot water until the filtrate no 
longer reacts with silver nitrate solution. The filter and contents are 
placed in a platinum crucible while still moist, and first carefully dried 
over a small flame ; the filter is then incinerated by stronger heating, 
and the crucible finally strongly ignited till its weight is constant ; it is 
advantageous to use a Teclu burner for this purpose. 

If the clay contains Titanic acid , it will accompany^ the silica, and 
may be separated from the latter by means of hydrofluoric acid or of 
ammonium fluoride. Td* effect this separation the contents of the 
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crucible a^e covered with strong hydrofluoric acid, a few drops of 
sulphuric acid added, the crucible warmed on the water-bath until the 
silicon fluoride has volatilised, the sulphuric acid evapofated off, and the 
residue weighed; the titanic oxide should be identified qualitatively 
by the violet coloured bead formed with microcosmic salt. If alumina 
has remained with the silica, the contents of the crucible are not 
evaporated quite to dryness, but the evaporation is interrupted when 
sulphuric acid fumes begin to volatilise; the contents of the crucible 
are then diluted considerably with water, and warmed on*the water-bath ; 
by this treatment titanic acid separates out, while the alumina goes 
into solution and can be precipitated by ammonia. 

It is convenient to divide the filtrate from the silica into two parts ; 
one half is used for the determination of iron, the other for the deter- 
mination of alumina ; a 400 c.c. flask is useful for thi^ purpose, the 
contents of which can be conveniently divided by means of a 200 c.c. 
pipette ; each portion is transferred to a platinum or porcelain dish far 
analysis. 

To precipitate Alumina and Oxide of Iron the dish and contents are 
warmed on the water-bath, a distinct excess of ammonia added, drop by 
drop, to the hot solution, and the warming continued until the odour of 
ammonia has disappeared ; 1 the clear supernatant liquid is filtered off, 
the precipitate collected on the filter paper and washed several times 
with hot water. To prevent a separation of alkaline earths at this stage, 
complete washing is not insisted upon, but the precipitate is washed 
back into the dish, dissolved in hydrochloric acid, Snd the precipitation 
repeated; the precipitate is then washed with hot water until no 
reaction is obtained with silver nitrate. „ The following points sHbuld be 
observed in the estimation precipitation in the hot solution ; addition 
of ammonia in distinct although slight excess, whereby the time 
occupied in driving off the ammonia on the water-bath is reduced to a 
minimum, and the precipitate thus prevented from becoming gelatinous ; 
hot water must be used for washing, atfd the washing repeated im- 
mediately the water previously added has disappeared from the contents 
of the filter ; washing must be carried out in such £ way that the jet of 
•£°t water always promotes the breaking up and suspension of the 
precipitate. When the precipitate is thoroughly dry, it is detached 
from the filter paper by scraping, and collected in a platinum crucible ; 
the filter paper is incinerated separately and the ash added to the 
contents of the crucible, e The whole is then strongly ignited till the 
weight is constant ; the quantity found is doubled for the calculation of 
the amount^of ferric oxide and of alumina present. 

. Ferric oxideAs determined either by reduction with zinc and titration 
with potassium permanganate solution, or by iodimetry. If the former 

1 This treatment differs from the improved method given by Lunge. (Cf p. 610.) 
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method is used, the -second half of the filtrate from the silica Js treated 
with an excess of sulphuric acid, evaporated on the water-bath till the 
hydrochloric acid* is driven off and the residual solution washed into a 
small flask, redifeed with zinc and titrated with permanganate solution, 
i'c,c. of which corresponds to I mg. ferric oxide (cf pp. 99 and 380). If 
the iodimetric method is employed, the contents of the dish are concen- 
trated on the water-bath without addition of sulphuric acid, and then 
„ estimated as usual. 

If Manganese is present in appreciable amount (most clays contain 
traces), the second precipitation of alumina and ferric oxide is carried 
out with sodium acetate. Ammonia is first added to the solution until 
a precipitate begins to form ; an excess of sodium acetate is then added, 
and the solution heated on the water-bath until the basic acetates 
separate ; the precipitate is then filtered off and washed, as in the case 
of the ammonia precipitate. The manganese is precipitated from the 
filtrate by bromine water and ammonia, the precipitate filtered, washed, 
ignited, and weighed, and calculated as Mn 3 0 4 . 

For the determination of Calcium , ammonium oxalate solution is 
added to the concentrated filtrate from the manganese whilst still hot, 
the precipitate filtered off, thoroughly washed with hot water, strongly 
ignited, and weighed as £aO. It is advantageous to use a Teclu burner 
for the ignition, as it permits of the rapid and complete transformation 
of a fairly large quantity of calcium carbonate into the oxide, provided 
a small platinum crucible is used. 

Magnesium is precipitated Jrom the concentrated filtrate by sodium 
phosphate and ammonia in the usual way (cf. p. 406). The precipitate 
is filtered off, dried, removed from the filter paper as completely as 
possible, and collected in a porcelain crucible ; the filter paper is burnt 
in a platinum wire, and the ash added to the crucible. The crucible is 
then covered with a platinum lid, and ignited till its weight is con- 
stant. The ignited precipitate consists of Mg 2 P 2 07 ; 100 parts 

Mg 2 P 2 0 7 = 0-3624 parts MgO.« 

• 

2. Treatment with Hydrofluoric Acid. 

The treatment with hydrofluoric acid or with ammonium fluoride 
serves to determine the alkalis in a clay. About 5 g. of clay, contained* 
in a platinum dish, are moistened with water, and digested on the 
water-bath with concentrated hydrofluoric acid and sulphuric acid, 
until the former is evaporated, and the sulph/uric acid remains behind. 
The dish is then carefully heated over a free flame until the sulphuric 
acid fumes strongly. The sulphates thus formed are dissolved^in water, 
and any coarse granules of quartz which may be present, and which 
generally Take a fairly long time to dissolve in hydrofluoric acid, 
filtered off. A few drops of nitric acid are added to the filtrate to 
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oxidise ferrous iron, and if the separate determination of each is not 
' required, r the alumina, ferric oxide, and calcium are precipitated together 
by ammonia and ammonium carbonate. The solution and precipitate 
are then washed into a litre flask, diluted to the mark, and mixed by 
shaking. When the precipitate has settled, 500 c.c. of the clear liquid 
are drawn off by a pipette, transferred to a platinum dish, evaporated 
to '’dryness on the water-bath, and the ammonium salts completely 
driven off by stronger heating. The residual salts are dissolved in 
water, the magnesium precipitated either by Schafgo^sch’s solution (a 
solution of 235 g. of ammonium carbcmate and 180 c.c. of ammonium 
hydroxide of sp. gr. 0-92 in 1000 c.c. of water) or, according to 
Classen, 1 by ammonium oxalate in acetic acid solution, the solution 
filtered, the filtrate again evaporated, and the residue ignited. The 
alkalis are thus obtained as sulphates, and are weigheckas such. The 
total alkali present is obtained by difference, after determining the 
contained sulphuric acid. In most cases this estimation of total alkali 
fully suffices. If the alkalis are to be estimated separately, the potassium 
is precipitated by platinum chloride after the determination of the 
sulphuric acid ; it is then estimated as directed on p. 535. 

If ammonium fluoride be used for the estimation of the alkalis, the 
weighed quantity of clay is moistened, and mixed in a platinum dish or 
crucible with eight times its weight of ammonium fluoride, by means of 
a thick platinum wire. Water is then added drop by drop in sufficient 
quantity to form a thick paste, which is heated on the water-bath till 
dry; the fluorides formed are then decomposed- By sulphuric acid, the 
latter evaporated off; and the residue further treated as directed above. 

-3. Estimation of Other Constituents. 

Sulphuric acid. For this estimation it is advantageous to weigh out 
special samples. The determination is carried out as directed on p. 573. 

Pyrites. If the clay contains sulphur as sulphide of iron, it must be 
oxidised by aqua regia to sulphuric acid. About 10 g. of the clay 
are repeatedly evaporated with aqua regia in a porcelain dish, and the 
sulphates formed extracted with dilute hydrochloric acid. The solution 
thus obtained is concentrated, the ferric oxide precipitated by ammonia, 
"'according to Lunge’s method (p. 272), and the sulphuric acid in the 
filtrate estimated with barium chloride. If the clay contains both 
metallic sulphide and sulphuric acid, the percentage of each can be 
calculated from the two estimations. 

Carbon dioxide may be estimated either gravimetrically or volumetri- 
cally (cf. p. 148). 

Loss on Ignition. About 1 g. of clay is carefully warmed, and then 

1 Z. anal. Chem. } 1879, 18, 373 ; Ausgewahlte Methoden der analyiischen Chemie , vol. ii_ 
P. 834. r > v 
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ignited to constant* weight, either on a.Teclu burner or ovej; the blow- 
pipe. The loss of weight is due, according to circumstances, to water 
alone, or to water plus carbon dioxide, organic matter, and to a certain 
extent* to sulphur. 

II. Rational Analysis 

The method of investigation of clays which has become known by 
the name of te rational analysis,” was introduced by Forchhammer, 1 who 
examined a series of cl^tys, by treating the ignited product with dilute 
sulphuric acid, and separating ^he soluble from the quartz-like silica by 
carbonate of sodium solution. Subsequently Brongniart and Malaguti 
adopted this method, but substituted alkali hydroxide for sodium car- 
bonate for the separation of the two forms of silica. From 1870 onwards, 
Aron and Seger brought about the general adoption of rational analysis 
for the technical examination of clays, in Germany. These investigators 
aiso used alkali hydroxide for separating the two forms of silica, and 
their example was followed by many other chemists. In opposition to 
Michaelis 5 assertion that a 10 per cent, sodium hydroxide solution does 
not attack quartz, Lunge and Schochor-Tscherny 2 proved the solubility 
of quartz in alkali hydroxides. Subsequently Lunge, in conjunction with 
Millberg, 3 thoroughly studied the action of sodium hydroxide and of 
carbonate of sodium solution on quartz and soluble silica. The result of 
this investigation was to show that quartz (powdered rock-crystal was 
used in the experiments) was appreciably soluble in boiling sodium 
hydroxide solution. * The solubility of quartz depends on its fineness 
of division, on the concentration of the sodium hydroxide solution, 
and on # the duration of the heading. Quartz-dust dissolves completely 
in a 15 per cent, sodium hydroxide solution after thirty hours’ heating. 
Under similar conditions, the solvent action of sodium. hydroxide is 
stronger than that of potassium hydroxide. Even hot solutions of 
alkali carbonates dissolve quartz-dust, although, of course, to a less 
degree than the hydroxides.* The silicic acid separated by treatment of 
silicates with acid* is completely dissolved by a 5 per cent, sodium 
carbonate solution *on heating on the water-bath for a quarter of an 
hour. The above investigators therefore reject the use of alkali 
hydroxide solutions for separating the two forms of silica ; they regard 
the method as vitiated by great errors, and recommend the use of a 
5 per cent, carbonate of sodium solution. A whole series of researches 
has followed these investigations, and in the main confirmed them. 
Thus Sabeck 4 admits the solubility of the' finest quartz and quartz- 
dust in a 5 per cent, sodium hydroxide solution, but emphasises the 
fact that the error arising from the use of a 2 per £ent. solution is 

1 Pogg \ Annalen , 183^ 35, 331. 3 Ibid., 1897, 10 , 393 - 

2 Z. angew. Chem 1894, 7, 485. 4 Chern . Ind ., 1902, 25, 90. 
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inappreciable for the purpose „ of technical analysis, the duration of 
heating being from two to five minutes; he states, however, that to 
attain scientifically accurate results, sodium carbonate solution must 
be used instead of sodium hydroxide for separating the tv^o forms of 
silica. Zschokke’s experiments 1 confirm those of Lunge and Millberg. 
Experiments by Berdel 2 on the same subject established an 
appreciable loss of quartz on digesting, up to boiling-point, with 
15 percent., 10 per cent., and 5 per cent, sodium hydroxide solutions; 
the loss on treating powdered felspar with sodium 'hydroxide was 
smaller. Berdel proposes the use pf a 6 $0 7 per cent, sodium hydroxide 
solution for separating the two forms of silica, and that the solution be 
heated nearly to boiling point, stirred, the supernatant liquid allowed to 
settle during from four to five hours, and then filtered without dilution. 
Koerner, 3 while recognising the correctness of Lunge and Millberg’s 
investigations, states that in his experiments he could not succeed “ in 
attaining an even approximately complete separation of quartz from 
combined silica by a quarter of an hour’s heating on the water-bath 
with a 5 per cent carbonate of sodium solution.” By heating for half an 
hour, he obtained results which agreed fairly well with the calculated 
values. 


With regard to the varying statements r on the separation of 
combined silica from quartz, Kreiling is of opinion that sufficient 
attention has not been paid to the relative quantities of solvent and 
substance used. It is obvious that this factor will yifluence the process 
in a way which should/iot be under-estimated. Ofi the other hand, it is 
well established by the r above experiments, that alkali hydroxides 
accelerate the solution of the silica, aryl promote rapid settling of the 
residue. Kreiling therefore suggests the use of a solution of sodium 
carbonate containing a small quantity of sodium hydroxide as suitable, 
the heating on the water-bath being limited as much as possible. In 
this way the two forms of silica formed from clay by the action of acid 
are separated with ease and certainty, without any fear of appreciable 
quantities of quartz going into solution. For this # method a solution 
containing 10 per cent, of crystallised soda (corresponding to 3*6 per 
cent, sodium carbonate), and 1 per cent, of sodium hydroxide suffices. 

The work of Lunge and Millberg also gave rise to experiments on 
the use of sulphuric acid to decompose clay-substance. The varying 
statements of Seger as to the concentration of the sulphuric acid to be 
used, caused Sabeck toi* investigate the correct conditions. Seger 4 
states that for 5 g. of clay he takes 100 to 150 c.c. of water and 50 c.c. of 
concentrate^ sulphuric acid, but in another communication* he gives 


1 Baumaieriaiienkunde, 1902, Nos. 10 and II. 2 Sprecksaal \ 1903, 1371- 

4 ff Kmntniss der Elsas ™' Inaug. pissert. Strassburg, 1900. 
Of. Collected writings r loc, cit. e "■ 


5 Sprecksaal \ 1903, 1371. 
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from ioo to 200 c.c.* of water to 50 g. of sulphuric acid and 5 jr. of clay 
as the relative quantities to be taken ; accordingly he does not appear 
to have considered the concentration of the acid as a material factor. 
According *to Sabeck’s experiments the proportion of 100 parts of 
water to 50 of sulphuric acid is the best ; violent bumping on heating is 
thereby largely prevented, and any considerable sinking of the level of 
the liquid is avoided ; where the level of the liquid sinks, the particles 
* of clay left sticking to the sides of the dish escape the action of the acid. 
Sabeck states, and has proved by experiment, that Seger’s view that 
clay-substance is not attacked by ^concentrated sulphuric acid, is 
erroneous. On treating argillaceous material with 100 c.c. of water and 
50 c.c. of sulphuric acid, and boiling for four hours, the felspar remains 
practically unattacked, another fact in favour of this concentration, 
Berdel has proposed the same concentration of acid. If the clay con- 
tains organic matter, the addition of nitric acid is serviceable. Various 
proposals have been made to soften the clay in water with addition of 
sodium hydroxide solution, in order to facilitate the breaking up of the 
clay ; Kreiling does not consider such a treatment necessary, as 
decomposition fully succeeds without it. 

As regards the procedure of rational analysis, the following method 
is advantageous and easily carried out. About 5 g. of clay, dried at 
120°, are covered with 50 c.c. of water in a platinum or porcelain dish 
of about 250 c.c. capacity, and the clay thoroughly disseminated by 
stirring with a glas$ rod or thick platinum wire. Fifty c.c. of con- 
centrated sulphuric aT:id are then added and s^ixed in ; the liquid 
becomes warm, whereby the division of the clay is promoted. Finally, 
the remaining 50 c.c. of acid are added, and the whole again mixed. 
The dish is then covered with a clock-glass, heated over the free flame 
until its contents boil, and the heating continued until the sulphuric 
acid fumes strongly. The contents of the dish are then allowed to cool, 
diluted with water and stirred ; after a short time the supernatant liquid 
becomes clear enough to be fiftered off. The residue is moistened with 
hydrochloric acid, waiter added, and after stirring, the dish placed on the 
water-bath, and watmed for about fifteen minutes; the supernatant 
liquid is then filtered off, and any solid matter which may have passed 
on to the filter, washed back into the dish. This treatment is continued 9 * 
so long as the residue colours the hydrochloric acid poured on to It. 
The residue is then transferred to the filter, thoroughly washed with 
hot water, then washed back into the dish, and the contained liquid diluted 
to 250 c.c. Crystallised sodium carbonate is then added in the propor- 
tion of 10 g. to 100 c.c. of liquid, the dish warmed on thejwgter-bath 
for from one to two minutes, and then 1 g. of sodium hydroxide added 
for every 100 c.c. of liquid. After one to two minutes the liquid begins 
to clear, whereupon the dish is taken from the water-bath, and the 
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supernatant clear liquid decanted through a filter. -This treatment with 
'alkali solution must be repeated several times to make certain that the 
silica liberated by the acid treatment is completely dissolved ; for 
example, the silica which separates from 5 g. of Zettlitz* katjlin requires 
three such treatments to completely dissolve it. Finally, the residue 
still left is transferred to the filter and thoroughly washed with water 
containing alcohol, or with dilute ammonia. A wearisome decantation 
process is rendered superfluous by carrying out the rational analysis in 
this way, and the method is rapidly completed without appreciable 
quantities of quartz being dissolved. f 

The presence of organic matter is generally indicated by the dark 
colour of the clay ; in such cases several c.c. of nitric acid must be added 
to the dilute sulphuric acid used in the decomposition. 

Should the clay contain calcium carbonate, it must be removed 
before the decomposition. This is effected by extracting with dilute 
hydrochloric acid, as is directed in connection with the estimation»of 
sulphuric acid (cf. p. 573). 

The ignited and weighed residue represents the amount of quartz 
and felspar present. To estimate each of these constituents separately, 
the residue must be treated with hydrofluoric acid or with ammonium 
fluoride {cf. p. 583), and the alumina in the decomposed mass estimated 
as directed on p. 582. The amount of alumina found, multiplied by 
5'4L gives the amount of felspar present ; the difference between this 
and the total residue corresponds to the amount of quartz present, pro- 
vided the residue contains no mica or similar mineral detritus. 
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. CLAY WARES USED FOR BUILDING PURPOSES; 
EARTHENWARE 'AND GLAZES 


By K. Dummler, Charlottenburg. English translation revised by W. BURTON, 
Director of Pilkington’s Tile & Pottery Co., Clayton, Lancashire. 

METHODS of investigating both the physical and chemical properties 
of^clay wares and glazes, especially in those forms which are used in 
connection with buildings or as actual building materials, are required 
for a variety of purposes. As all the most useful methods are com- 
parative in character, it is necessary that they should be carried out 
under identical conditions, to afford reliable results. In Germany con- 
ferences have been held £rom time to time, at which the various methods 
have been discussed by manufacturers, architects, and engineers, with 
the result that certain standard methods have been agreed upon for 
the determination of the physical and mechanical properties of such 
materials, which are sufficiently accurate for practical purposes. These 
are recorded in the reports of the conferences held at Munich, 
Dresden? etc . 1 

No standard methods have been adopted in this country, but those 
agreed to by the German manufacturers are recognised as reliable and 
applicable to English manufactures, and are accordingly generally made 
use of in carrying out the specific determinations described below. 

The physical investigation which may be necessary include deter- 
minations of density, structure, hardness, solidity, and resistance to fire 
and to weather. The chemical investigations comprise, besides general 
chemical analysis, the determination of the presence or absence of 
injurious substances, and of soluble salts, and the behaviour of the* 
material towards acids. 

PHYSICAL EXAMINATION 

The actual dimensions of the test pieces are first determined and 
recorded. The sample is then dried on a hot plate ^or~sand-bath, 
allowed to*cool, and weighed. 

1 The reports are published by T. Ackermann, Munich. 
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I: Density 

i. Specific Volume. c ^ 

The specific volume is the volume occupied by i g. of the material, 
including porous interstices. The specific volume of samples bounded 
by 'plane surfaces, such as bricks, can be determined from the dimensions 
and the absolute weight. 

According to the decisions of the German conferences mentioned 
above 1 the specific volume is to be determined with specimens 
saturated with water, by measuring the volume of water which they 
displace. In those exceptional cases where saturation with water may 
give rise to considerable loss by solution of salts, the specific volume, is 
to be determined in the volumenometer, after coating the specimen with 

The volumenometer of W. Michaelis may be used for the deter- 
mination. 2 3 The apparatus consists of a conically turned, metal bdbc, 
with a turned metal lid ground to fit, which carries a graduated tube ; a 
clamp holds the apparatus together and keeps it air-tight. The 
capacity of the box up to the first graduation mark on the tube is 
400 c.c., and the tube itself is graduated into 100 c.c. Four delivery 
pipettes of 200, 100, 5.0, and 20 c.c. respectively, are provided. The 
apparatus permits of the use of fairly large specimens, ranging up to 
500 g. in weight. (Cf. p. 670.) 

The dried sample, after having been weighed^. s directed above,, is 
placed in water for ^vepty-four hours or, if necessary, is coated with 
paraffin ; in the latter case, the weight of paraffin used is determined by 
a subsequent weighing. The sample is then dried superficially with a 
cloth and placed in the metal box, the lid, the edges of which have, been 
greased, pressed on, and the apparatus clamped tight ; water is then 
added from the measuring pipettes, until its position can be read off on 
the graduated tube. The volume of the sample is given directly by the 
volume of water required to fill the apparatus to the first graduation 

; mark. „ 

2. Specific Gravity. 

*• The specific gravity denotes the weight of 1 c.c. of the substance, 
•exclusive of its porous interstices ; as the weight of 1 c.c. of water is 1 g., 
the weights are, of course, directly comparable. 

The methods decided on by the German conferences 2 state that the 
.specific gravity shall be*' determined after reducing the substance to 
powder, passing it through a sieve of 900 meshes per sq. cm., and 


1 Protokolt , 20th Sept, 1890 ; cf. Deutsche Topfer und Ziegler Zeit, % 1893, No. 34* 

2 Cf. Deutsche Topfer und Ziegler Zeit , 1879, No. 13. 

3 ProtoholL , 20th Sept. 1890 ; cf. Deutsche Topffr und Ziegler Zeit l893> No. 34. 
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removing the dust. by passing it through a 4900-mesh sieve. The 
intermediate grains are used for the determination. Two hundred and’ 
fifty g. are weighed out into the Michaelis volumenometer and 100 
c.c. of distilled water added to cover the powder ; the apparatus is then 
completely closed, struck repeatedly against a soft pad placed beneath 
it to remove adherent air-bubbles, and the whole allowed to stand for 
twenty-four hours. A further 200 c.c. of distilled water are then adfied 
from the pipette, and the position of the water read off on the calibrated 
tube. If, for example, the water in the tube stands at 415 c.c., since 
300 c.c. of water have been added, the powder must occupy the volume 
of 1 1 5 c.c. 1 


The specific gravity would therefore be 


250 

1T5 


= 2-17. 


3. Specific Porosity, or Water-absorption. 

# A distinction is drawn between the amount of water which any 
pottery body will absorb either by volume or by weight. To determine 
porosity the dried specimen is accurately weighed and immediately 
placed in water at the ordinary temperature. At first the piece should 
only be half immersed, but after twenty-four hours more water is 
gradually added until it is covered. It is then allowed to remain 
covered for another twenty-four hours, taken out, superficially dried 
with a cloth, and again weighed. The increase in weight is, of course, 
that of the absorbed water. The percentage proportion of this weight 
to the original weight of the sample is taken^ as representing the 
absorptivity by weight. \ 

The absorptivity by volume can be determined from the specific 
volume of the sample, after calculating the weight of the water 
absorbed, to volume. 

For the examination of building materials, the German conferences 
recommend that ten samples be taken for the determination of porosity, 
and that this be calculated both for weight and for volume as above. 

In estimating the value of vitreous clay products, a statement of 
their porosity is ofte$ desirable. For this purpose the wares must be 
freed from glaze, if they have been glazed. The weighed sample is 
then placed in water, which is kept at the boiling-point for twenty-four* 
hours to ensure its penetration; when cold, it is treated as described 
above ; the percentage weight of the absorbed water is generally used 
as a measure of the porosity. ^ 

4. Permeability to Water. 

The determination of the permeability of unglazed materials and of 
their surface-absorption has been generally applied to the testing of 
roofing-tiles in regard to theft- suitability for use, but these tests may 
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also be employed for ofher substances. The decisions of the German 
conferences 1 lay down the stipulation that the samples shall be of such a 
size as to be capable of absorbing from 20 to 25 c.c. of water, and that 
they shall be thoroughly dried and the edges coated with wax or 
paraffin for the test. 9 

A cylindrical glass tube of 10 sq. cm. internal section is then fixed 
on to the upper surface of the sample by means of wax, and the follow- 
ing data recorded : — 

1. The time required for the absorption of 10 c.c. of # water, delivered 
into the tube from a pipette. 

2. The time which elapses betweeif the addition of another 10 or 
15 c.c. of water and the appearance of dew on the under surface of the 
sample. 

3. The time which elapses between the addition of another 10 c.c. 
of water in the tube and the formation of drops on the under surface, 
or as an alternative, the quantity of water which drops into a beaker 
placed below the sample. 

II. Structure and Hardness 

1 . Structure of the Material. 

This examination includes the observation of any flaws that may 
be present in the sample, as well as the nature of its fracture, from 
which the homogeneity of the material may be deduced. In clay 
wares fractures may be distinguished as conchoid*#, uneven, or smooth, 
or as porcelain-like,' * earthenware-like, of- earthy. In connection with 
the structure of the material, any flaws must be observed which may 
have originated ‘in the shaping, the drying, or the firing, and the cause 
of such faults should be referred to their true source. In some cases 
the internal structure may resemble that of puff paste, or it may have 
a flaky, roll-like, or wavy appearance ; the latter fault occurs some- 
times in plastic-pressed bricks, tiles, etc.* The external surface of the 
article may be characterised as smooth or rough j ^if the roughness of 
the surface, and particularly of the edges, is regular and considerable, it 
is spoken of, in Germany, as “ Dragon’s-toothed 

2 . Flaws in the Glaze. 

In the examination of glazed wares, “ crazes ” and other external 
flaws come under consideration. To make the finer “ crazes ” distinctly 
visible, a coloured substance . is rubbed over the surface. With light- 
coloured glazes it is best to select a dark powder such as graphite, 
and for dark -coloured glazes such a material as powdered talc ; these 
powders when rubbed into the lines or pits in the glaze render them 

1 Protokoll., 20th SeptPi 8 go. 
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more apparent. A -magnifying glass should bp used to assist in the 
examinations, under both I and 2. 

3. Hardness. 

The hardness of clay wares is of some importance, especially in con- 
nection with building materials. It is determined according to Mohrs 1 
scale, which is generally followed by petrologists ; the values in this scale 
are : — Talc = I ; gypsum = 2 ; calcspar = 3 ; fluor-spar = 4 ; apatite = 5 ; 
orthoclase = 6 ; quartz = 7; topaz = 8; corundum = 9; diamond =10. 

For the determination an a|temp£ is made to scratch the sample 
with each of these minerals in turn, commencing with the hardest, 
which in the case of clay wares need not generally be higher in the 
scale than topaz. The minerals are tried in descending order until 
one is reached which does not scratch the sample. An attempt is then 
made to scratch this mineral with the fired ware. If it scratches the 
mineral the sample is again tried as a check on the next harder mineral 
of the scale, and in this way its position is fixed. The result is 
expressed in the figures of the Mohrs’ scale; e.g.> hardness = 7. If 
the hardness exceeds, say, 7, but is not equal to 8, it is generally 
expressed as, hardness = 7- 5 or 7 to 8. 

■% 

III. Resistance to Wear 

This examination is generally applied to such materials as flooring 
tiles, clinkers, paving 'bricks, and blocks, etc. The wear may depend 
on exposure to friction, as in the case of flooring tiles, or to shock, as in 
the case of clinkers and paving bricks; in the former instance, friction 
is opposed by the hardness of the material; in the latter, shock is 
opposed by its toughness. 

1. Resistance to Friction. 

This is determined by grinding on an emery disc. 1 The disc is 
mounted so as to run at a definite and ascertained rate, and the 
specimen, which most have a grinding surface of 50 sq. cm., must be 
mounted under a definite pressure. For the grinding, 20 g. of Naxos# 
emery are used for every 22 revolutions of the disc ; the disc has a 
radius of 22 cm., is driven at the rate of 22 revolutions per minute, 
and should make 450 revolutions during the experiment If these con- 
ditions are accurately observed good comparative results can be obtained. 
The loss of weight of the sample is expressed either in gr£ims or in 
cubic centimetres. 

1 Cf Bohme, “ Untersuchungen fiber kunstliche Steine,” MitUitlungin am der Ksniglichtn 
Ver sucks anstalt, 1891, p. 153. *• 
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• * 2.. Toughness. 

This determination is widely applied in the United' States under 
the term “ Rattler Test ” ; the test is not in use here.. Different local 
authorities prescribe different rules, but the methods are* identical -in 
principle. A ball-mill, or sometimes a strong barrel of definite dimen- 
sions, is used, which is revolved mechanically at a definite speed saJ 
15 to 20 revolutions per minute. The paving bricks or blocks to be 
tested are introduced into the mill with a number of iron balls of 
definite shape and weight ; after a specified numbe'r of revolutions 
the specimens are removed and the losf? of weight, expressed as a per- 
centage of their original weight, is taken as a measure of the wear. 

IV. Durability 

Under the heading of durability those qualities are grouped together 
which are especially required in clay materials used for building purposes’ 
such as resistance to pressure, as applied to bricks, building blocks drain 

pipes, roofing tiles, etc., and resistance to the weather permanence 
during frost, fire-proof qualities, etc. ’ permanence 

Resistance to deformation under pressure is an important property 
of materials used in construction; the tests 'are best car ried^jft by 

bTn n Lle y dtlV;”pot" iCal -Uch have 

Testing machines for determining tensile strength, crushing strength 
and a so for testing Unitary pipes, are nfade by a number of firms 1 ? ’ 

. The hydraulic press of Brinck and Hiibner of Mannheim Ts made 

pre>fre“ \To^S" "xh* ? ‘, 0 , OTe y‘e abk <=f «erti„g a maximum 
LkeS so tw'Z of; P 1 ° f ‘ he press rest in hemispherical 

the pressure attained can be read off ontiTZno^"^ Stat, °“ ry ’ and 

Resistance to Pressure 

fo r " r.std b;“,tgthr p, i ; with bricks ' 

the pressure is to be applied P th^ d and to the surfaces to which 
Pphed ’ these blnd together the two halves, and 

2 e S “ ,ta ^ le machine is made by Sir W. H Bailev & r„ c 1f a 

S. Amsler s press made bv Laffnn A c f a " e y & Co -> Salford, 
purpose. 7 0n & Son > Schaffhausen, is also largely used for this 
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ensure the parallelism of the pressed surfaces. . This test ^generally 
applied to dry samples, but it may also be applied to samples saturated* 
with water; in.efther case it is advisable to test at least six samples. 

2. Testing Pipes for External Pressure. 

There are various ways of conducting this test, and the particular 
method is often prescribed by the purchaser. In the Royal Mechanical 
and Technical Experimental School at Charlottenburg a hydraulic 
press is used. The pipes are capped above and below with pine boards 
10 cm. wide, to which the pressure plates are directly applied. The 
perpendicular and horizontal dimensions of the pipes are then carefully 
measured under varying pressures. 

3. Testing Pipes for Internal Pressure. 

- This test is also conducted in various ways. In Rudeloffs method 1 
the pipe ends are provided with leather covers, which are made tight 
by a coating of gelatine ; cylinders of iron and wood are connected 
with these leather covers, one of which is bored to receive the pressure 
pipe. To secure a firm grip for the leather covers the pipe is placed 
between two cross-bars, ^and these are pressed against the cylinders by 
a coupling rod, so that they do not come in contact with the ends of 
the pipe itself. 

4. The Breaking strength 0 f Roofing Tiles, etc. 

The method approved by the German conferences is as follows : — 
The lower surface of the tile is provided with two strips of Portland 
cement, each 1 cm. wide, and with a clear interval of 20 cm. between 
them, and a similar strip of Portland cement is applied in the middle 
of the upper side. The tile is then supported on the under strips and 

the load applied to the upper strip. 

* 

V. Durability towards Weathering 

The object of this examination is to determine the influence of 
weathering on building materials. 

1. Examination for Detrimental Enclosures. 

The following materials are the most important detrimental en- 
closures : — calcium carbonate in lumps, iron pyrites, and gy psu m ; when 
burnt, these may easily cause the articles to crack on being exposed to 
the moisture of the atmosphere. In testing, the samples are placed under 

1 Mitteilungen aus der Koniglichen. Versuchsansialt , 1892, p, IOI. 
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a large glass shade which dips into a vessel filled* with water, which, 
however, does not come into contact with the objects. If no cracks are 
observed in the course of eight days, it may be concluded with certainty 
that none of the above detrimental admixtures are present* Still, it is 
well to test a sample of the raw material whenever possible. For this 
purpose the raw material is disintegrated under water, and the fine 
portions poured through a 900 sq, cm. mesh sieve ; the residue on the 
sieve is carefully washed, dried, and weighed, and is then tested for the 
above substances. * 

The German conferences hav # e decided that, in addition to being 
identified in the raw material, the presence of such injurious constituents 
shall also be determined in the finished products in the following way : — 
The samples are treated with superheated steam of a quarter atmos- 
phere excess pressure for three hours ; for this purpose fragments of 
the samples are so arranged in a Papin digester, partly filled with water, 
that they do not touch the water, but only come into contact with the 
steam. A magnifying glass is used in these tests when necessary. 

2. Permanence towards Frost. 

The German conferences have decided that, of the samples which 
were saturated with water, five shall be tested for resistance to pressure 
Of- P* 594)j while the remaining five are to be placed in a freezing 
chamber capable of giving a temperature of at least 15 0 ; they are 
left in the chamber for four hours, taken out, and*thawed in water at 
20 . The particles thereby detached a*e to remain in the vessels 
used for thawing until the end of the experiment This freezing and 
subsequent thawing are to be repeated twenty-five times, after which 
the crumbled portions are dried, weighed, and compared with the 
weight of the original sample. A magnifying glass must be used in 
this test to determine whether cracks or signs of splintering appear. 

Pressure tests must then be carried out with dried tiles which have 
been subjected to the above frost experiments, and the results compared 
with the previous pressure tests of the same tiles. * 

Weathering also depends on the quantity and nature of the soluble 
^alts contained in a building material ; their estimation is described 
under the chemical methods of examination (p. 600). 

J. W. Cobb 1 has proposed to test the liability to disintegration of 
glazed bricks by internal crystal formation. The brick is placed, 
glazed face downwards,* in a warm saturated solution of sodium 
thiosulphate in such a way that an inch depth of the brick is immersed 
After soa^dpg, the brick is allowed to cool completely in the open air, 
so as to allogy the thiosulphate to crystallise, and the soaking and 
cooling are repeated as often as may be necessary. A bad glazed 
1 J <Soc, Ckem. Ind 1907, 26, 390. 
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brick begins to crack on the glazed surface, and to soften and flake in 
its substance after this treatment has been repeated a few times, 
whilst many successive treatments are necessary before a good brick 
is affected* A useful comparative test of the quality of the brick 
is thus obtained, which Cobb regards as giving similar indications 
to the freezing test. 

VI. “ Fire-resisting” Qualities 

The term “ fire-resisting ” includes^ the fire proofness and refractori- 
ness. When a body is able -to withstand sudden heating without 
losing its stability, it is said to be fireproof. As fired clay wares are 
fireproof to a high degree, it is not necessary to test them for this 
quality. 

Refractoriness, which is a far more important property of clay 
manufactures, is the resistance which a body is able to oppose to high 
temperatures; in this connection the process carried out in any 
particular furnace must be taken into consideration. 1 Both the nature 
and porosity of the article must also be considered. 

The refractoriness of finished products of manufacture is tested by 
the same methods as ^are used for clays; either Bischofs method 
(p* 577)> or that of Seger (p. 577) may be employed. A simplified 
form of Seger’s method 2 is specially applicable, in which a modified 
method of lighting J:he fuel used in igniting the samples is adopted. 
About 30 g. of wood charcoal are placed in a spoon-shaped sieve, and 
heated to glowing in a Bunsen flame or m a' fire; they are then 
introduced into the Deville furnace, and the weighed amount of fuel, 
coke, or graphite added, the bellows being worked slowly. The 
troublesome use of paper is thus avoided, the ash of which always 
attacks both the furnace lining and the crucible. The bellows are 
worked so that only forty treads are made per minute, which diminishes 
the work entailed. * 

The small samples used in this process are prepared by mixing the 
powdered ware with*a little mucilage and moulding it into tetrahedra. 
It is advisable to place a broken fragment of the sample in the 
crucible along with the cones, especially if coarse-grained quartz has* 
been used as an aplastic material, a custom which is still much in 
vogue. The tetrahedra are stuck on to the plate in the crucible with 
mucilage so as to fix them securely, and th^ normal clays or Seger 
gones which are to serve as standards for the examination, are 
arranged alternately with the samples. 

1 Cf. C. Schartler, Chern . hid., 1907, 30, 57 ; J. Soc. C/iem. Ind ,, 1 907^26, 203. 

2 Cf K. Diimmler, Handbuch. der Ziegelfabrikation , 1900. 



598 


CLAY WARES; EARTHENWARE, AND GLAZES * 


CHEMICAL ANALYSIS 
I. General Analysis 

i. Determination of the Composition of Fired Articles. 

The methods of chemical analysis used for clays icf p. 580 et seq.) 
are also employed for determining the composition of fired articles; 
rational analysis (cf. p. 585) is not applicable to wares after firing. 
Silica, titanic acid, alumina, ferric oxide, calcium, and magnesium are 
determined by fusion with alkali carbonates, and the alkalis by treatment 
with hydrofluoric acid or with ammonium fluoride. 

In the cases of glazes the estimation of the following substances 
may also be required : — Boric acid ; oxides of tin, lead, zinc, and barium ; 
the colouring substances, antimony, copper, cobalt, nickel, chromium, 
uranium, phosphoric acid, and the noble metals, gold, silver, platinum, 
and iridium. 

It is important to select a fair average sample for the analysis. In 
the case of glazed wares, attention must be paid to the difference 
between the body and the glaze, and the two constituents must, of 
course, be examined separately. The amount gf glaze on the articles is 
comparatively small, and in the case of good wares it adheres very 
closely, so that its separation offers considerable difficulties. The 
method adopted is to strike off fragments of the glaze carefully with a 
hammer and chisel ; these are collected ,«and any portions of the body 
which may still adhere to # them are carefully removed by grinding. The 
fragments are then finely powdered in an agate mortar, and any 
particles of iron that may have splintered from the chisel used removed 
by means of a magnet ; the sample is then ready for analysis. It is 
often impossible to procure a sufficient quantity of glaze by mechanical 
means, and in such cases other methods must be resorted to ; lead 
glazes, for instance, can be decompose# by strong hydrochloric acid 
without the body of the ware being appreciably attacked. 

If the powdered glaze contains lead, it will be completely decomposed 
^by boiling with hydrochloric acid in a porcelain dish. Other glazes are 
not so easily attacked by this reagent, and must, therefore, be either 
fused with alkali carbonates, or treated with hydrofluoric acid or with 
ammonium fluoride. 

If gold, platinum, or iridium are not present as colouring oxides in 
the glaze, but have been applied to it for decorative purposes, they may 
• be easil^recognised by their lustre. These metals are dissolved by 
aqua regia, may thus be identified. If silver is used as a decorative 
adjunct, nitric acid alone must be used for solution. 

The estimation of the individual constituents present is conducted 
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according to the ordinary methods of analysis. , After the percentage 
composition has been determined, the molecular formula is calculated 
by dividing the.pCrcentage of each constituent by its molecular weight. 
The results tfius obtained are arranged in separate groups, according to 
the number of oxygen atoms present in the respective oxides, as in the 
following example : — 

2 '5 Si 0 2 o-2 S A1 2 0 3 o-J PbO 
o-5 Sn 0 . 2 o.osFe 2 0 3 

An idea of the proportions of the materials used in the preparation 
of the glaze can be obtained from its molecular formula, assuming an 
average composition of the minerals and chemicals which are most 
frequently used. Thus, for example, in the case of the above analysis, 
o-i K 2 0 , combined with o-i Al 2 0 3 +o *6 Si 0 2 give o-i molecular pro- 
portion of felspar (55*6 parts by weight); o-2 CaO correspond to 
0-2 Ca 0 .C 0 2 , or 20 parts of pure marble; 0-7 PbO correspond to 155*68 
parts of pure litharge. The remaining 0-15 A 1 2 0 3 may have been intro- 
duced in the form of clay, and would, combined with 0*30 Si 0 2 +o* 3 oH 2 0 , 
give 0-15 molecular proportions of clay-substance which corresponds to 
38*7 parts of pure kaolin. 0*05 Fe 2 0 3 , presumably used as such, would 
correspond to 8 parts ofJFe 2 0 3 ; 0*5 Sn 0 2 corresponds to 75 parts tin 
oxide (tin ashes). The remaining 1*6 Si 0 2 is to be reckoned as 90 
parts of pure quartz, flint, or similar material. If the substances thus 
calculated are mixed^in the proportions given and fritted together, a 
glaze of the stated composition, will be obtained. »If potash preponder- 
ates over alumina, its origin must be traced to' the* use of a potassium 
salt, such as potassium carbonate, saltpetre, sylvine, or even potassium 
sulphate ; if lime and magnesia are present in small quantities they 
may be considered as belonging to the felspar, and may be calculated 
with the alkali. 

This method may serve as a guide, but it must be borne in mind 
that felspar is but little used'' as such in English glazes. Also the 
felspathic material is generally introduced as Cornish stone. The 
assumption that an identical formula will give an identical glaze is not 
always true in practice (W. Burton). ^ 

2 . Examination for Lead. 

Owing to the number of cases of lead poisoning which occurred 
annually in the pottery industry, a special Commission was appointed 
by the Home Office in 1898 to inquire into the best means of checking 
the injurious effects due to the use of lead in the manufacturejof glazes. 
The report of the Commission 1 was followed by a series of^ negotiations 
between manufacturers and the Home Office in regard to the regula- 

1 Blue Book, 1899, C. 9207. 
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tions proposed by the latter,, with the result that it was decided in 
’ 1903 1 that manufacturers should be exempted from liability, should a 
worker in their employ acquire lead poisoning, if no gflaze is used which 
yields to a dilute solution of hydrochloric acid more than 5 r per cent. „of 
its dry weight of soluble lead compound, calculated as lead monoxide, 
provided the proper rules for cleanliness in the manufacture are also 
observed. The use of glazes which do not conform to this regulation 
is, however, permitted under special conditions, and compensation is 
payable to a worker who contracts plumbism. * 

The following method is prescribed for testing the glaze: — A 
weighed quantity of the dried materi&l is continually shaken for one 
hour, at the ordinary temperature, with 1000 times its weight of an 
aqueous solution of hydrochloric acid of 0-25 per cent, strength. The 
liquid is allowed to stand for one hour, filtered, and the lead, in an aliquot 
portion of the filtrate, precipitated as lead sulphide and weighed as lead 
sulphate ; the result is then calculated to lead oxide. 

In Germany the manufacture and sale of glazed ware which yields 
any soluble lead compounds on boiling with concentrated acetic acid 
containing 5 per cent, of water for half an hour, is forbidden by the 
imperial law of 1879 for regulating the trade in food and utensils. 
This regulation is designed for the protection of the general public, 
not for the protection of the workers in lead glazes. 

3. Estimation of Alumina. 

In supplying refractory goods, a definite percentage of alumina is 
often agreed upon. The determination is carried out by the method 
described under the analysis of clay (p ; 584). * 

II. Estimation of Soluble Salts 

This determination is applied almost exclusively to the examination 
of building materials made of fired clay. «• 

The German conferences have determined that five samples, selected 
from the least fired, are to be used for the test ; 'they must not have 
^come into contact with water. The bricks or samples are to be 
cleaved in three directions ; from each of the eight pieces thus obtained, 
the corner directed to the interior of the sample is to be broken off and 
powdered until the whole passes through a sieve with 900 meshes per 
sq. cm. ; the powder is Treed from fine dust by a 4900 mesh sieve, and 
is then used for the examination as follows 

Two hundred and fifty c.c. of distilled water are poured on to 25 g. 
of the powder, and boiled for one hour, the water which evaporates 
being replaced. The insoluble matter is filtered off, thoroughly washed, 

1 J. Soc. Chern. Ind., 1903, 22, 1374 ; W. Thomason, i lid., 1904, 23, 470. 
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the filtrate evaporated to dryness, and the residue thus obtained gently 
ignited and weighed ; it is calculated as a percentage of the weight of 
the sample. 1 residue is then examined quantitatively for sulphuric 

acid, calciugi, magnesium, potassium, and sodium, which are estimated 
by the ordinary analytical methods. It is best to dissolve the residue 
in water, with the addition of a few drops of hydrochloric acid, and 
dilute the solution to 200 c.c. ; 100 c.c. serve for the determination of 
sulphuric acid and alkalis, the other portion being used for the estima- 
tion of the calcium and magnesium. 

Vanadium compounds, which are often contained in clays in associa- 
tion with sulphates, produce a '•strong colouring effect, even in minute 
quantities, on fired building materials ; they may be recognised by the 
greenish-yellow exudation which develops when the sample has been 
moistened. Their qualitative recognition is usually sufficient; it is 
seldom necessary to estimate them quantitatively. The greenish- 
yellow exudation is easily dissolved by hot water, forming a greenish- 
yellow solution from which a residue of vanadium compounds is 
obtained on evaporation. Vanadium compounds colour a borax bead a 
fine green in the reducing flame; the coloration disappears in the 
oxidising flame, especially when only small quantities of vanadium are 
present. On oxidation^with nitric acid vanadic acid is formed, which 
gives a chocolate-brown precipitate with ammonia and barium chloride, a 
bluish-black precipitate with gallic acid, and a flaky, apple-green pre- 
cipitate with potassium ferrocyanide, insoluble in dilute acids. 

Other soluble salts may find their way into ^highly porous building 
materials after building, derived partly from the mortar and partly from 
the surrounding ground. Chlorine compounds, carbonates, phosphates, 
and sulphates have been shown to be amongst the products which 
weather out in this way. Where masonry is in contact with decompos- 
ing nitrogenous matter nitrates may also soak into the bricks ; potassium 
nitrate is, however, never present in freshly baked bracks, although it is 
often supposed to occur. General analytical methods are used for the 
identification and estimation of such salts. 

<• 

III. Stability towards Acids # 

A variety of methods are employed for testing the stability of wares 
towards acids. In the laboratory of the “ Deutsche Topfer und Ziegler 
Zeitung,” the sample is powdered, and the powder which remains 
between the 900 and 4900 mesh sieves used for the determination. 
Twenty-five g. are placed in an Erlenmeyer flask and exposed to the 
action of 250 c.c. of a mixture of 10 per cent, hydrochloric, nitric, and 
sulphuric* acids for twenty-four hours, with frequent Shaking. The 
1 Cf, also, J. w. G*obb,_/I Soc. Chem. Ind 1907, 26, 390. 
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supernatant liquid is £hen poured through a previously dried and 
'weighed filter paper, the residue carefully and thoroughly* washed with 
hot water by decantation, and then collected, washed, £nd dried at iio° 
until the weight is constant; the decrease in the weight of^the sample 
gives the loss due to the contained metallic oxides. 

H. Seger and E. Cramer 1 use the powder which remains between 
sieves with 64 and 12 1 meshes per sq. cm. respectively for this test; 
this is treated with ten times its weight of a mixture of 10 per cent, 
hydrochloric and nitric acids for twenty-four hours. r 

Kammerer uses a 1 per cent, mixture of hydrochloric, nitric, and 
sulphuric acids, which is allowed to a£t for forty-eight hours at the 
ordinary temperature ; the change in weight and in physical properties 
of the samples is then examined. 

IV. Stability of Glazes towards Weathering 

This determination is carried out by a method analogous to that of 
Weber 2 for the examination of the frosting of glass. The glazed wares 
are exposed to the action of strong hydrochloric acid fumes, and are 
then examined ; if any decomposition has taken place, it is shown by the 
formation of a white deposit on the surface ^of the glaze. A large 
bell-jar which fits air-tight on to a glass plate is used for the test. A 
shallow porcelain dish containing concentrated, commercial fuming 
hydrochloric acid is placed on the glass plate, across the rim of which 
two narrow porcelain Off glass strips are placed, to serve as supports for 
the object to be tested ; t&e samples are placed so that the glaze rests 
directly on the supports. The whole is r then covered with the iDell-jar, 
and allowed to stand at the ordinary temperature for from twenty-four 
to thirty hours ; if a deposit has formed on the glaze after the lapse of 
this period, it is washed off with hot water, and tested qualitatively. 
Good glazes should stand this test without decomposition. 

A somewhat modified form of this testf is described by Cobb. 3 As, 

however, it may take weeks or months in the case of high-class glazed 

bricks, he recommends a similar comparative test with hydrofluoric acid 

for such materials. 

* 


THE EXAMINATION OF ROOFING SLATES 

The following points must be considered in judging roofing slates : — 
Texture, hardness, resonance, porosity, micro-structure (the detection of 

1 ty M. Gary, MtShrenprlifung,” Baumaterialienkunde , III., Part 3. p. 35. * 

2 Verkandlungen des Vereins zur Be for derung des Gewer 5 efei$$?s in Preussen , 1863, p. 131. 

3 /. Soc, Chem. Ind 1 , 1907, 26, 390. * 
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enclosures of pyrites, marcasite, calcium and magnesium carbonates, 
and gypsum), effect of frost, and behaviour at high temperatures. 

The chemical ^examination includes the determination of calcium 
and magnesium carbonates, gypsum, and sulphide of iron. A good slate 
should be as free from structure as possible, and should emit a clear note. 
The hardness should be at least 2 on Mohr’s scale. The larger the 
quantity of enclosed minerals, pyrites, marcasite, and carbonates, the 
poorer will be the quality of the slate ; the presence of gypsum is an . 
indication that a*decomposition has begun which will soon cause dis- 
integration. , 

The two following tests are/’according to Brunner, 1 also important 
for judging the quality of slates : — 

1. Imbibition Test . For this test pieces 12 cm. long and 6 cm. wide 
are sawn out of the slate and placed in a beaker containing a layer of 
water 1 cm. deep ; the beaker is covered over and allowed to stand for 
twenty-four hours, and the height to which the water has risen in the 
slate is then observed. This affords a measure of the quality of the 
slate ; good slates do not become moist beyond a few mm. above the 
surface of the water. 

2. Weathering Test. A piece of slate, 7 cm. x 3 cm., is hung freely 
in a glass cylinder at the bottom of which 100 c.c. of a saturated aqueous 
solution of sulphur dioxide are placed. Good slate will remain intact 
for from four to six weeks, and in many cases even for months. Dis- 
integration, the equivalent to weathering, is due to the presence of sulphide 
of iron and carbonates of the alkali earths ; marcasffe is more injurious 
than pyrites. 

Chemical Analysis. 

For the estimation of the sulphates and carbonates of the alkali earths, 

5 g. of an average sample are digested with an excess of hydrochloric 
acid on the water-bath, until all the carbonates are completely decom- 
posed. The liquid is then filtered, the residue thorougly washed with 
hot water, and the fikrate diluted to 5°° c - c -> 100 c,c * this solution 
are used for the estimation of the alkali earths, and 200 c.c. for the 
determination of sulphuric acid, if present. 

The carbon dioxide in combination with the alkali earths is deter-'* 
mined either from the loss on ignition or gas-volumetrically ( cf p. 148)? 
or by absorption. 

For the estimation of the sulphur, 2*5 g. of a finely powdered, 
average sample are repeatedly digested with aqua regia by heating on a 
boiling water-bath in a large porcelain dish. The whole is then 
evaporated to dryness, the dry residue moistened with hydrochloric acid, 
water added, and the supernatant liquid filtered off after warming : this 

1 Deutsche Topfei- und Ziegler Zeit 1894, No. 47. 
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extraction is repeated -three times, the residue then transferred to the 
filter, and thoroughly washed with hot water. The sulphuric acid is 
precipitated in the filtrate with barium chloride and 'weighed as barium 
sulphate ; the amount found is calculated to sulphur after subtracting the 
sulphuric acid determined as above. Sixty-four parts of sulphur combine 
with 56 parts of iron to form sulphide of iron, FeS 2 ; the presence of this 
substance, either as pyrites or as marcasite, can be detected by means of 
the polarising microscope. 
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ALUMINIUM SALTS AND ALUMINA 

By Professor G.* Lunge 


RAW MATERIALS 

The chief raw materials employed in the manufacture of aluminium 
salts and of alumina are kaolin and bauxite. The former is examinee 
by the methods described under Clay Analysis (cf p. 580). The Society 
of French Paper-manufacturers 1 has agreed that 10 per cent, of moisture 
in kaolin is permissible; in England 5 to 6 per cent, is considered 
admissible, and in Germany 8 per cent. 

Bauxite. — Schneider ^and Lipp 2 give the following directions foi 
the analysis of bauxite : — One part of the sample is fused with five tc 
ten parts of sodium carbonate, the melt softened in water, and 
evaporated with sulphuric acid until the excess of acid begins tc 
volatilise ; this solution is then % diluted, and the separated silica filterec 
off Ferric oxide is separated from alumina *ancf titanic acid in the 
filtrate by sodium thiosulphate (Chancel’s method, cf. infra, p. 6ri), 
The alumina and titanic acid are then precipitated together by boiling 
the solution ; the precipitate is dissolved in hydrochloric acid, and the 
alumina precipitated by sodium hydroxide. 

P. Kienlen 3 gives the following details for the analysis of bauxite, 
as the result of prolonged experience: — 2-5 g. of very finely powdered 
bauxite are dried for. eight hours at ioo°, and then boiled with dilute 
sulphuric acid (i:i> until vapours of sulphuric acid begin to come 
off ; the formation of crusts must be avoided during the evapora- 
tion, by thorough shaking. When perfectly cold, the residue of 
sulphates is transferred to 300 c.c. of cold water, care being taken 
that the temperature does not rise too high, as otherwise titanic 
acid would be precipitated; 10 c.c. of hydrochloric acid are then 
added, and the mixture digested for six hours, with shaking. The 
separated silica acid is then filtered off ; this may contain a very small 
quantity of alumina and traces of titanic oxide. The solution and 

1 Papier Zeit, , 1904, 259. 2 Jurisch, Fabrikation der schwefelsauren Tonerde , p. 45. 

3 Private communication, G. L. 
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washing^ are diluted* to 500 c.c. The ignited - and weighed crude 
silica is evaporated with three to four drops of dilute sulphuric acid and 
2 c.c. of hydrofluoric acid, and the residue ignited ; the loss in weight 
gives the amount of Si 0 2 . The residue can be takeiTas ^ 1 2 0 3 without 
appreciable error ; for very accurate work it should be fused with acid 
potassium sulphate, the melt dissolved in cold water acidified with 
sulphuric acid, the solution almost neutralised, diluted considerably, and 
the contained Ti 0 2 precipitated by boiling for two hours. 

The filtrate and washings from the initial precipitate of silica are 
made up to 500 c.c. Of this solution 200 c.c. (=1 g. bauxite) are' 
neutralised with sodium carbonate undl a slight precipitate is formed, 
which is redissolved by a little dilute sulphuric acid ; the ferric oxide is 
reduced to the ferrous condition either by acid sodium sulphite, or by 
gaseous sulphur dioxide, the solution diluted to 400 or 450 c.c., and 
boiled for two hours, the water which evaporates being replaced by 
sulphurous acid solution. Under these conditions the whole of the 
titanic oxide separates free from iron; when cold the solution is 
made up to 500 c.c. and poured through a dry filter paper. The titanic 
•oxide is washed with warm water containing ammonium chloride, the 
wash water being kept distinct from the first filtrate, then dried, 
strongly ignited, and weighed. * 

One hundred and twenty-five c.c. of this filtrate ( = 0-25 g. bauxite) 
are boiled till free from sulphur dioxide, a little pure zinc added, the 
solution diluted considerably and titrated with pqfassium permanganate 
solution after acidifying with sulphuric acid. 

Alumina, ferric oxide, and titanic oxide are estimated together in 
25 c.c. of the filtrate from the silica ( = 0-125 g. bauxite). r A little 
fuming nitric acid and hydrochloric acid is added, the solution 
diluted, boiled, and precipitated with ammonia whilst boiling (cf. infra , 
p. 610); the precipitate is washed by decantation, dissolved in hydro- 
chloric acid, the boiling solution reprecipitated by ammonia, and the 
precipitate thoroughly washed, ignited; and weighed. The A 1 2 0 3 is 
•calculated by subtracting the values found for Ti 0 2 and Fe 2 0 3 as above 
from the total weight of oxides. Iron and alumina may also be 
separated by any of the ordinary methods. 

To estimate the chemically combined water and the organic matter 
.a separate sample is ignited for fifteen minutes on the blowpipe. 

According to Baud, 1 corundum and titanic oxide remain in the residue 
insoluble in dilute sulphuric acid when the above method is used.. 
To avoid this he dissolves 2 g. of the sample in sulphuric acid diluted 
with an equal volume of water, without boiling ; the solution is filtered 
into a Htrejlask, the residue washed and dried, and fused with I to 2 g. 
cf acid potassium sulphate for a few minutes. The melt is dissolved in 

1 Chem. Cenir 1903, II., 96 7. 
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water and the filtrate added to that obtained by.the original ireatmei 
with sulphuric acid. The silica is thus obtained perfectly pur 
Titanium is estimated in the filtrate by means of its colour reactic 
with hydrogen 'peroxide. A solution containing a known amount < 
titanic acid dissolved in sulphuric acid serves for comparison; ferr 
sulphate is added to this until its colour is equal in intensity to that < 
the above filtrate, and finally i c.c. of hydrogen peroxide is added t 
each solution. Or the titanium may be titrated with potassium permai 
ganate after reduction with zinc to Ti 2 0 3 . 

Taurel 1 precipitates the titanium dioxide in a formic acid solutio 
by means of sulphur dioxide. #The method described by Lienau 2 c 
used in French bauxite works presents no essentially new features 
his results show that the combined water of bauxite does not begin t 
come off below 150°, and that any loss of weight by diying at no° ; 
due to hygroscopic water. 


CONTROL OF WORKING CONDITIONS. (P. Kzenlen.) 

Residue. — The residue from the treatment of bauxite with sodiur 
carbonate or hydroxide solution contains the whole of the ferric oxidi 
part of the silica, all the titanium (as sodium titanate), and more or les 
soluble or insoluble compounds of sodium with alumina and silica. Th 
contained ferric oxic^e, alumina, and soluble sodium compounds ar 
generally estimated. Two g^of the residue ars boiled with 3 c.c. c 
concentrated sulphuric acid and 3 c.c. of water 'until the red colour ha 
disappeared, the solution slightly diluted, filtered, and made up to 100 c.< 
The iron is estimated in 10 c.c. of the filtrate after reduction, by titra 
tion with potassium permanganate; the alumina and ferric oxide ar 
precipitated together from 20 c.c. and weighed. The soluble alkali i 
estimated by boiling with ammonium chloride, the liberated ammoni 
being led into standard hydrochloric acid. 3 Air-dry residues contaii 
from 3 to 4 per cent, Na 2 0 , and from 5 to 6 per' cent. A 1 2 0 3 . 

Aluminate Solution. — If the manufacture is satisfactorily conductec 
this should contain 1 mol. A 1 2 0 3 (102-2) to 1-75 to i-8 mol. Na 2 0 (62-1] 
Strong liquors, ready for precipitation, have a sp. gr. of 1-32 to 1*3, 
(tested hot), and generally contain from 170 to 175 g. Na 2 0 per litre. Tei 
c.c. of this liquor are diluted to 100 c.c. and 10 c.c. of the dilute solutioi 
used for analysis. The sodium hydroxide is titrated with normal aci< 
and phenolphthalein in boiling solution; the alumina is estimate< 
gravimetrically by acidifying the solution with hydrochloric acid anc 
precipitating with ammonia. Or the following method may be used 

1 A mi. Chim. anal. 1904, 9, 323. 2 Chem . Zeit> 1905, 29, 584 ; 1280. 

3 Cf. KnoblaucS, Z. anal. Chtm ., 1882, 21, 161. 
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io c.c. oRthe dilute solution (=i c.c. original liquor) are just acidified 
'with hydrochloric acid until the precipitated alumina is redissolved 
sodium acetate solution and free acetic acid added, afid then 40 c.c. o 
an iV/10 solution of sodium-ammonium phosphate ( = 20-916 g. per litre) 
of which x c.c. corresponds to 0-00511 g. A 1 2 0 3 ; the whole is heated to 
boiling, and titrated back with uranium acetate solution, without filtering 

A volumetric method of estimating sodium aluminate, using 
sulphuric acid and tropaeolin 00 , was suggested by Bayer, but accord- 
ing to Kienlen the method is of no value. This may->be the case, but 
Lunge’s method for the analysis of sodium aluminate (cf. infra), using 
phenolphthalein and methyl orange, permits of Na 2 0 and A 1 2 0 3 being 
estimated in one operation much more simply than as described above, 
provided that the estimation is correctly carried out, according to the 
instructions. 

Filter-press Cakes. — Twenty-five g. are taken for the estimation o 
soluble sodium, which is carried out as described above, by distilling 
with ammonium chloride and collecting the liberated ammonia in 
standard hydrochloric acid. 


FINISHED PRODUCTS 

The following alumina preparations are technically important : — 
Aluminium sulphate, potassium, sodium, and ammonium alums, the 
hydroxide or anhydrous alumina, and sodium aluaiinate. The numer- 
ous other aluminium, felts are less important as articles of commerce; 
they are chiefly used as mordants in dyeing and in calico-printing, and 
are largely prepared by the consumers themselves; they include 
aluminium acetate, thiocyanate, chloride (anhydrous and solutions), 
hypochlorite, sulphite, thiosulphate, chlorate, etc. 

I. Aluminium Sulphate 1 

r 

Qualitative Examination* — In the course of the qualitative examina- 
tion a residue is sometimes obtained, which is insoluble in water; it 
\s generally found in quite negligible amount, and consists essentially 
of silica and of very small quantities of alumina and of calcium oxide. 

In the soluble portion Iron is first tested for, best by warming with 
a little pure nitric acid, addition of potassium thiocyanate solution, and 
extraction with ether ; a parallel test is carried out with distilled water* 
o- i c.c. of an iron solution containing oooooi g. Fe per i c.c. suffices to 
give a distinct rose colour to the ether, so that i/iooo mg. of iron is easily 
detected. 

& 

1 Except where otherwise stated, or where generally known facts are given, ° the following 
data are based essentially on the work of von K^ler and Lunge, Z. angew. Chem , , 1894, 7, 670. 
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Gallic acid solution may also be used for this purpose ; traces of iron 
give a bluish- v-iolet coloration, larger quantities give a bluish-black, ink- 
like colour. # 

Copper i^ detected by the usual reactions : addition of ammonia in 
excess gives a blue solution ; potassium ferrocyanide gives a brownish- 
red precipitate, and a bright piece of iron is coloured red when placed 
in the solution. K 61 er and Lunge were unable to find copper in any of 
the samples they examined. 

Lead, Excess of ammonia is added to the alum solution and any 
ferric hydroxide which is separated filtered off; if the filtrate is blue, 
pure potassium cyanide is added until colourless, and the solution 
treated with sulphuretted hydrogen. 

Zinc is often present, especially in products of French manufacture. 
To detect it, lead is first precipitated by dilute sulphuric acid, the 
filtrate treated with sodium hydroxide solution till the precipitate first 
formed redissolves, any ferric hydroxide filtered off, and the filtrate 
treated with sulphuretted hydrogen. 

Chromium was not found in any of the commercial samples examined 
by Keler and Lunge; it occurs, however, in some preparations of 
aluminium sulphate, especially in those manufactured from Irish 
bauxite. According to %archal and Wiernik, 1 it may be detected by 
warming the solution under examination with a small quantity of freshly 
precipitated manganese dioxide; the latter is best prepared for this 
purpose by the interaction of manganese sulphate and potassium 
permanganate in equimolecular proportions. In presence of even 
extremely small quantities of chromium, a distinct yellow coloration 
is formed in the filtered solution, which is turned temporarily blue 
by hydrogen peroxide. 

Arsenic is found in traces in most commercial samples; for its 
detection, cf, p. 362. 

Vanadium , Tungsten , and Titanium are seldom present. 

Free Sulphuric Acid is detested by extracting the thoroughly dried 
sample with absolute.alcohol and testing the solution with litmus paper ; 
a more convenient test is that with tincture of logwood made from one 
part of logwood extract, three parts of distilled water, and one part of ^ 
alcohol. The violet colour of the tincture is turned to brownish-yellow. 
These two tests are not to be regarded as reliable in the case of small 
quantities of free acid ; in such cases the quantitative methods ( cf. p. 615) 
must be used. 

Calcium and Magnesium were not detected by Keler and Lunge in 
the soluble portions of any of the samples they examined ; their 
presence would in any case be practically immaterial. 'Sodium was 
always present, but not Potassium, 

1 Z, angew . Chem .. i8qi. a , Si 2. 
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Quantitative Analysis.— This is generally confined to the estima- 
tion of alumina; in some cases it is extended to the estimation of free 
acid and of iron. If, in an exceptional instance, sulphuric acid, alkalis, 
insoluble residue, zinc, etc., are to be determined, this" is done by the 
ordinary methods of analysis. 

i. Alumina. The usual method is to precipitate with ammonia in 
presence of ammonium chloride. Opinions differ as to the most 
advantageous way of carrying out the precipitation. It is well known 
that ammonia may dissolve freshly precipitated alumina to a slight 
extent, but that it is less liable to do so in presence of ammonium salts. 
According to Fresenius, 1 ammonium chloride and a slight excess of 
ammonia should be added to the solution, which is then heated for 
some time, until all the free ammonia has been driven off. L. Blum, 2 
on the other hand, states that when a slight excess of ammonia is used 
the solution must only be boiled up for a moment, and then filtered. 
On comparing these methods, Lunge 3 found that of Blum decidedly 
the better, for the following reasons. In the first place, by prolonged 
boiling, as in other methods, the ammonium chloride is decomposed 
and alumina or iron is thereby dissolved ; secondly, the precipitation 
and washing take less time by Blum’s method, and the necessity of 
prolonged ignition on the blowpipe and repeated weighing is dispensed 
with, since the alumina is free from sulphuric acid when first precipitated. 

Both methods were further examined by Keler and Lunge (Joe. 
cit .) under identical conditions, using one and 4he same solution of 
aluminium sulphate^ * Fresenius’ methe-d gave: 14*23, 14*23, 14-26: 
mean 14-24 per cent. A1 2 0 3 ; Blum’s method: 14-65, 14-68, 14*61: 
mean 14*64 per cent Al 2 O a . These results show that the prolonged 
boiling causes solution of some of the alumina in the acid liberated by 
the dissociation of the ammonium chloride; hence the results of the 
first method are too low, whilst the solubility of alumina in the slight 
excess of ammonia used in Blum’s method may be neglected. Blum’s 
method of precipitation is accordingly preferable. 

Ferric oxide, silica, phosphoric acid, etc., are, of course, precipitated 
with the alumina; the amount of these in cctomercial aluminium 
^sulphate is seldom of consequence. Debray 4 states that when zinc is 
present appreciable quantities may be precipitated with the alumina. 
In such a case the precipitate is dissolved, and the alumina and zinc 
are separated by the usual methods, e.g. by precipitating the zinc from 
acetic acid solution with sulphuretted hydrogen (cf. infra). 

The following methods of analysis are recommended by 
Kretzschmar : 5 — 

*** 1 Fresenius, Quantitative A ?ialysis, yth edition, vol. i., p. 192. 

2 anal Chem. , 1 888, 27, 19. r 4 Chem. 2nd., 1882, 5, 153. 

8 Z. angew . Chem., 1889, 12, 635. 5 chem. Zeit „ 1890, 14, 1223, 
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(1) Gravimetric' Estimation. Ten g. of the alum or aluminium^ 
sulphate under examination are dissolved in water and diluted to 500 c.c. ; 
50 c.c. of this solution ( = 1 g. substance) are treated with an excess of 
sodium phosphate and a little sodium acetate, and the precipitate dis- 
solved in dilute hydrochloric acid. The solution is heated to boiling, 
a large excess of concentrated sodium thiosulphate solution added, and 
the mixture boiled until the precipitate settles out immediately after 
the vessel is removed from the wire-gauze; longer boiling must be 
avoided. The precipitate is filtered off, thoroughly washed with hot 
water, dried and ignited, finally with fjee admission of air. The weight 
of the aluminium phosphate, multiplied by 0*4185, gives the weight of 
alumina. The object of adding sodium thiosulphate is not to reduce 
any ferric oxide which may be present, but to obtain a precipitate 
which filters well and is easily washed. This method of estimation is 
very accurate. 

(2) Volumetric Estimation. This is a much more rapid method. 
If the free acid in the solution of alumina consists only of acetic acid, the 
alumina may be precipitated by an excess of sodium phosphate ; the 
excess of phosphoric acid, uncombined with alumina, may then be 
titrated with uranium acetate solution ; the precipitate does not 
interfere with the titration. The alumina is calculated from the 
difference between the amount of phosphoric acid taken and the 
excess which remains in solution. This method in its original form 
cannot be recommenced. The coloration with potassium ferrocyanide, 
which serves as the end-reaction, generally develops before the whole 
of the phosphoric acid is precipitated, and the results are thus rendered 
uncertain. Also the method necessitates a large number of titrations, 
whereby the economy in time becomes illusory ; further, precipitated 
aluminium phosphate is appreciably soluble in solutions of ammonium 
salts. 

By observing the following conditions, however, Kretzschmar states 
that very satisfactory results ate obtained. No ammonium compounds 
must be present in*the solution to be titrated, the excess of sodium 
phosphate must be afdded all at once and in the cold, and the solutions 
must be standardised by means of an analysed aluminium salt. The^ 
very convenient method of standardising uranium solution by means 
of calcium phosphate (iron-free superphosphate) is altogether unsuitable 
in this case. 

The uranium solution is prepared in the usual way by dissolving 
uranium acetate (not nitrate) in the proportion of 35 g. per litre, and is 
standardised by sodium ammonium phosphate, the absolute purity of 
which must be checked by quantitative analysis (14*718 4*. phosphate 
per litre) ; the uranium solution is diluted so that 1 c.c. corresponds to 
about 0*004 g. P 2 0 5 . 
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For the further standardisation io g. of pure, 'iron-free potassium 
alum are dissolved in water, and the free acid displaced by acetic acid 
by adding sodium acetate and a little acetic acid ; the? solution is then 
diluted to 500 c.c. Fifty c.c. of this solution are treated" wit^ 10 c.c. of 
the usual sodium acetate solution, and excess of sodium phosphate 
(Na 2 HP0 4 ) solution added, the strength of which has been previously 
determined by means of the titrated uranium solution. The solution is 
then heated to boiling and titrated with uranium solution. The titra- 
tions are repeated and the excess of phosphate reduced until finally 
only a few tenths of a c.c. of uranium solution are required to reach the 
end-point. The number of c.c. used is noted provisionally. As even the 
smallest and best formed crystals of alum enclose water, a gravimetric 
estimation of the contained alumina in the alum used must be made 
(p. 61 1) as a check on the standard solution. 

When the percentage of alumina is calculated from both gravimetric 
and volumetric analyses, the results should not differ by more than 
0*15 per cent. This can always be attained by having the same volume 
of liquid (viz. 60 to 70 c.c.) in standardising the uranium with sodium 
ammonium phosphate and in titrating the alum. The correct figure 
for the titre of the uranium solution is that given by the amount of 
alumina found by the gravimetric alumina estimation ; the uranium 
titre is corrected accordingly. 

In applying this method the tedious repetition of titrations may be 
avoided as follows : — The commercial aluminium s^lt under examination 
is first subjected to a-preliminary titratkn with potassium hydroxide 
solution. A very little methyl orange is first added, and if a rose 
colour develops at all, the hydroxide is added till the colour disappears ; 
phenolphthalein is then added, and the solution titrated until the red 
colour appears. If the strength of the alkali is calculated and expressed 
in terms of alumina, the approximate percentage of alumina can be 
obtained by subtracting the number of c.c. used for the titration with 
methyl orange, which corresponds to the free acid, from the total 
volume of potassium hydroxide used. The volume*of uranium solution 
to be added in titrating the phosphoric acid is thus* known within about 
2 c.c., and hence with a little practice one titration of the sample should 
suffice. 

A solution of ammonium alum is freed from ammonia (except for a 
slight harmless residue) by heating with a few small pieces of sodium 
hydroxide. The following will serve as an example of the method of 
analysis, according to Kretzschmar’s method, of a very impure aluminium 
sulphate containing iron : 5 ?• °f the sample are dissolved, and 
made up to £00 c.c. ; the free acid in 50 c.c. is estimated by potassium 
hydroxide and methyl orange, and the approximate amount 6f alumina 
by further titration after addition of phenolphthalein. Another 50 c.c. 
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are boiled with a few drops of hydrochloric acud containing-, bromine ; 
when cold the free add in the solution is displaced by acetic acid* 
sodium phosphaPe solution added, and the alumina estimated by a 
single titr^ion’ with uranium acetate. Iron is estimated in another 
50 c.c. by reduction with zinc and dilute sulphuric acid and titration 
with potassium permanganate ; if an estimation of the ferrous iron is 
required, it may be determined by titration with potassium per- 
manganate in 50 c.c. of the original solution ; but this method is not 
generally sufficiently accurate (cf. infra). By subtracting the ferric 
oxide from the alumina found by the uranium titration, the actual 
percentage of alumina is obtained.* It is advantageous to convert 
aluminium sulphite solutions into aluminium sulphate by treatment 
with a little bromine with the usual precautions. 

14-5 per cent of A 1 2 0 3 is generally guaranteed in commercial 
aluminium sulphate. In thirteen commercial samples examined by 
Kder and Lunge the contents varied little from 1 5 per cent ; one sample 
contained 13*81 per cent, another 16 per cent., and a third 17*48 
per cent. 

According to Gyzander 1 the sulphuric acid in aluminium sulphate can 
be accurately estimated by titration with sodium hydroxide solution, 
provided this reagent is. free from carbonate and from alumina and is 
not stronger than ^ normal ; stronger alkali causes the formation of basic 
salts. He recommends the use of a standard solution containing 
11-65 g* NaOH per litre; using 0*5 g. aluminium sulphate for analysis, 
this indicates 1 per cent. Al 2 (? 3 per c.c. ; as an alternative, a more dilute 
alkali can be used and adjusted to indicate 'percentages of A 1 2 (S 0 4 ) 3 . 
Standard sulphuric acid solutions corresponding to the above alkalis are 
required. To carry out the titration 10 g. of the sample are dissolved 
in hot water, filtered, the residue washed, and the filtrate diluted to 
1000 c.c. ; 50 c.c. of this solution ( = 0*5 g. substance) are used for each 
titration. Methyl orange, phenolphthalein, and 2 c.c. of the standard 
sulphuric acid are added, and*the standard alkali run in, drop by drop, 
with continual stirring, until the red colour of the methyl orange 
changes to orange (not to yellow). If the sulphate is neutral, exactly 
2 c.c. of alkali are necessary ; basic alums require less, acid alums more. 
The burette is then filled up again, and alkali run in, somewhat more 
quickly than before, until the red tint due to the phenolphthalein is just 
permanent. The number of c.c. used in the second titration gives the 
percentage of A 1 2 0 3 directly, or multiplied by 3*33, the percentage of 
A 1 2 (S 0 4 ) 3 . The end-point is sharpest at 30°. Towards the end of the 
titration a rose-coloured phenolphthalein alumina lake is formed, which 
renders the recognition of the end-point more difficult ; the addition of 
a little more methyl orange inhibits this effect. A basic alum should 
1 Chem. News , 1901, 84, 296 ; 306. 
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first be neutralised with sulphuric acid, to obtain * accurate results. 
*This method of estimating the’free acid with methyl orange is accurate 
to within 0*2 per cent. Alums containing zinc cannoHbe titrated in this 
way ; the zinc must first be precipitated with sulphuretted hydrogen, and 
iron, which invariably accompanies the zinc, must be estimated separately. 
This point must also be observed in the analysis of bauxite, as ferric 
oxide behaves in the same way as alumina during the titration, and the 
amount present must therefore be deducted. The ferrous sulphate 
must be estimated by titration with potassium permanganate, and the 
ferrous and ferric sulphates together in a separate sample, by reduction 
with sulphur dioxide and subsequent* titration with potassium per- 
manganate. 

S. E. Moody 1 has devised a method for the determination of the 
free acid in aluminium sulphate and in alums based on the decomposi- 
tion effected by means of a mixture of potassium iodide and iodate. 
The sulphuric acid, in combination with aluminium, iron, zinc, and 
ammonium, liberates one gram molecule of iodine for each gram 
molecule of sulphuric acid present The liberated iodine is titrated 
with sodium thiosulphate, and the free sulphuric acid arrived at by 
deducting that corresponding to the above bases, as separately 
determined, from the total acid found. The accumulative small errors 
that are unavoidable in all the estimations involved must render the 
method somewhat uncertain. 

2. Iron. Since in most cases the amount of iron in aluminium sul- 
phate is extremely sm^ll, a gravimetric separation from alumina is out of 
the question. Titrarion^with permanganate is also often unsuitable; 
even if 50 g. of the aluminium sulphate are taken and Af/doo per- 
manganate used, the results are far from concordant. 

The colorimetric method of determination with potassium thio- 
cyanate is, however, applicable ; it was first suggested by Herapath, and 
subsequently worked out and improved by Tatlock and by K 61 er and 
Lunge, 2 and described in its final form byXunge in 1896. 3 The method 
is given in detail under “Sulphuric Acid” (p. 381). . The solution to be 
tested {cf. p. 382) is made up by dissolving r tq ,2 g. of aluminium 
sulphate in a little water, exactly 1 c.c. of iron-free nitric acid added, 
The solution warmed for a few minutes to oxidise all the iron to the 
ferric condition, cooled and diluted to 50 c.c. ; this solution is then 
transferred to one of the colorimeter cylinders for comparison with the 
titrated iron-alum solution. 

If it be desired to estimate both ferrous and ferric iron, the total 
iron is estimated in one sample as described, and a second sample 
is dissolved^in air-free, distilled water in an atmosphere of carbon 

1 anorg. Chem 1907 , 52 , 286 ; J Soc . Ckem. Ind. r 1907 , 26 , 200 ? 

2 21 angew. Chem., 1894 , 7, 670 . ** 3 Ibid., 1896 , 9, 3 . 
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dioxide, and the ferfic iron estimated colorimetrically without addition 
of nitric acid. - 

In thirteen samples of commercial aluminium sulphate Keler and 
Lunge found 

Total iron. Ferric oxide. Ferrous oxide. 

Minimum 0*00050 0*00027 0*00023 per cent. 

Maximum 0*00524 0*00406 0*00118 percent. 

As the result of a series of experiments carried out on a large scale 
by Keler and Lunge in conjunction with Fischli, it was found that 
the value and purity of the shades* obtained in turkey-red dyeing 
diminishes very markedly with an increase in the percentage of iron. 
Aluminium sulphate for use in turkey-red dyeing should not contain 
more than 0001 per cent, of total iron. There is no object in pre- 
paring a purer product, as the influence on the dye is practically 
negligible if the proportion of iron does not exceed this value ; if, how- 
ever, a greater quantity of iron is present it has a decidedly injurious 
effect. The stage of oxidation of the iron is also of importance; 
ferrous salts are less harmful than ferric. The presence of zinc, which 
however seldom occurs in commercial alumina, has also an injurious 
influence on the colour. In selecting aluminium sulphate for use in 
turkey-red dyeing, that which is poorest in iron and free from zinc 
should therefore be chosen. 

Experiments with printed woollen goods showed, on the other hand, 
that the quality of both red and rose colours were unaffected by any of 
the samples used which contained up to 0-00534 'per cent, of iron; nor 
could aqy difference be detected, even on using an artificially prepared 
sample containing 1 per cent, of iron, an extreme which never occurs 
in practice. This is no doubt due to the fact that the amount of 
mordant left on the fibre in printing is very small. Similarly the 
thirteen commercial samples were without effect on buckthorn-yellow, 
a dye which is very sensitive towards iron, so that in this case also 
contamination of the aluminium sulphate by iron up to 0-005 per cent, 
has no injurious action. 

As regards paper manufacture, a content of iron up to 0-15 per cent, 
has no effect in sizing good quality writing-paper ; 1 if the iron is all ii* 
the ferrous condition, which is seldom the case, it may be present up to 
0*3 per cent, without affecting the quality of the paper. Products con- 
taining from 0-3 to 0-5 per cent, of iron can only be used for poor 
quality papers. 

3. Free Acid. The presence of free acid in aluminium sulphate used 
in dyeing, printing, and in sizing paper is immaterial, since it is always 
evaporated with sodium carbonate or with acetates when ir^ed for these 

1 Pctpier-Zeit 1891 , 2327 . 
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purposes^ The estimation of free acid may in some 'cases, however, be 
of importance. 

The various methods for the determination of fhe^ free acid have 
been exhaustively discussed by Beilstein and Grosset,* and more 
recently by Keler and Lunge {Joe. cit .). The latter found from 0-53 to 
1*05 per cent of free sulphuric acid in the thirteen commercial samples 
they examined ; they concluded that nearly all the methods which have 
been suggested for the estimation are quite inaccurate, with the excep- 
tion of that worked out by Beilstein and Grosset. 

This method depends on the fact that when neutral ammonium 
sulphate is added to aluminium Sulphate, the latter is almost completely 
precipitated as ammonium alum, and the whole of the free -sulphuric 
acid remains in solution. The remaining alum and the excess of 
ammonium sulphate are precipitated by alcohol, so that the alcoholic 
solution contains only a little ammonium sulphate in addition to the 
free sulphuric acid. 

To carry out the determination according to Beilstein and Grosset’s 
directions, 1 g. of the sample, or 2 g. in the case of samples poor in acid, 
are dissolved in 5 c.c. of water, 5 c.c. of a cold, saturated ammonium 
sulphate solution added, and the mixture allowed to stand with frequent 
shaking for a quarter of an hour ; it is then precipitated by 50 c.c. of 
95 per cent alcohol, the precipitate filtered off* and washed with 50 c.c. 
of 90 per cent alcohol ; the filtrate is evaporated on the water-bath, the 
residue taken up with water, and this solution titrated with Njio alkali 
and phenolphthalein. _ „ 

Kdlef and Lunge°inv6stigated this method in the case of a sample 
of aluminium sulphate which had been proved by careful complete 
analysis to contain 0-92 per cent of free sulphuric acid ; 5 g. of sub- 
stance were taken for the estimation instead of 2 g., so as to reduce the 
errors of the analysis. The results obtained were: 0*97, 0*98, 102, 
1 -00, 1*02 per cent, thus all slightly, on the average about 01 per cent, 
too high. For practical purposes this may be considered sufficiently 
accurate, and since the method is easily carried out, it is certainly to 
be recommended before other methods, for technical purposes ; a more 
rapid method is nevertheless desirable. 

0 Direct titration with litmus, methyl orange, tropseolin 00 , or other 
indicators, gives quite unreliable results, and this is also the case with 
the titration of the alcoholic extract 

A. H. White 2 found that if neutral potassium sodium tartrate 
(Rochelle salt) is added to a solution of alum, and this solution titrated 
with barium hydroxide and phenolphthalein, the amount of the 
hydroxide neutralised indicates the free sulphuric acid plus that com- 
bined with alumina, but not that combined with the sodium" or potas- 
1 Z. anal Chem. ,, 1890 , 29 , 73 . 2 /. Amer, Chem. Soc. y 1902 , 24 , 457 . 
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sium. If a second portion of the alum solution is* evaporated t<* dryness, 
the residue dissolved in neutral sodium citrate and titrated with barium ’ 
hydroxide, the, quantity used is less than in the former case by an 
amount corresponding to one-third of the alumina. From these two 
titrations both the alumina and the sulphuric acid can be calculated, 
irrespective of whether the alum is basic or acid ; in the latter case the 
amount of free acid is obtained. Commercial aluminium sulphate may 
contain free acid whilst solid, which disappears on solution owing to 
combination with basic salt This free acid may be estimated by dis- 
solving the sulphate directly in sodium citrate, and titrating immediately 
with barium hydroxide. The ^results thus obtained agree well with 
those got by Beilstein and Grosset’s method, but an alum of this 
character may possibly not contain more acid than is required to form 
the normal sulphate A 1 2 (S 0 4 ) 3 . 

4. Other Constituents . Of the thirteen commercial samples examined 
by Keler and Lunge only one (of French manufacture) contained any 
zinc, viz., 0*00156 per cent Sodium (as Na 2 0 ) was present to the 
extent of from 0*17 to 0*205 per cent, and the insoluble residue 
amounted to from O* 1 5 to 0*43 per cent. ; the two latter constituents 
may be regarded as immaterial. Those samples in which iron was high 
also contained more insoluble residue ; this is probably connected with 
less careful manufacture. 

Zinc has, as stated, a decidedly injurious action in turkey-red 
dyeing, and should ^therefore be estimated quantitatively whenever 
present. The simplest method is to add sufficient: barium acetate to the 
aluminium sulphate solution to precipitate the w&ole of the sulphuric 
acid, and then to estimate the zinc in the filtrate as sulphide. 

II. Potassium, Sodium, and Ammonium Alums 

The examination of these salts is conducted exactly as in the case 
of aluminium sulphate ; the estimation of the ammonia and of the 
alkali is carried out by the orcfinary methods. 

In most cases the purchaser is content to judge the product by its 
external appearance, but this is, of course, no guide as to the presence 
of iron in moderately small quantity ; the latter may be estimated whei^ 
necessary as described on p. 614. 

III. Sodium Aluminate 

This preparation is used in dyeing, printing, in preparing lakes, and 
sometimes in sizing paper; also in the manufacture of milk-glass, for 
hardening bricks, and in soapmaking. The analysis is generally 
limited to*the estimation of sodium and of alumina; impuHties such as 
insoluble matter, silica, and irbn are sometimes determined. 
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1. Sodium (Na 2 0 ) and Alumina. This estimation is best effected 
■ by Lunge’s 1 titration method, which is based on -the following 

observations : — * 

When a hot solution of sodium aluminate, or of sdSium hydroxide 
containing alumina (such as Caustic “ Bottoms,” cf p. 441) is titrated with 
acid in presence of litmus, or better, of phenolphthalein, the end-reaction 
occurs as soon as the whole of the alkali is neutralised by the acid, and 
the alumina begins to be precipitated. When methyl orange or 
cochineal, which is not so good, is used as indicator, *the end-reaction 
does not occur until the precipitated alumina is redissolved, a condition 
which corresponds - to the formation * of the compound A 1 2 (S 0 4 ) 3 = 
A 1 2 0 s . 3 S 0 3 . The aluminium hydroxidp, either in a colloidal condition, 
or suspended in the liquid, dissolves very slowly in the cold, but solution 
is rapid and certain at about 30°. 

Cross and Bevan 2 have expressed the view that the end-reaction 
corresponds rather with the formation of a compound 2 A 1 2 0 3 . 5 S 0 3 
than with that given above, but Lunge 3 regards this as incorrect. 

For the estimation, 20 g. of sodium aluminate are dissolved in water 
and the solution made up to 100 c.c. Ten c.c. ( = 0-2 g. substance) are 
titrated hot with phenolphthalein and Nj 5 hydrochloric acid until the 
red colour disappears ; the influence of any traces of carbonic acid 
which may be present is rendered practically negligible by titrating hot. 
The amount of acid used is read off, not more than one drop of methyl 
orange added to the solution, and the titration ^yith the hydrochloric 
acid continued. The introduction of the^cold acid will generally bring 
down the temperatifre tb from 30° to 37 0 ; if necessary, the solution 
must be cooled, or if too cold the vessel should be left to stand in a 
warm place. The titration is continued until the methyl orange is 
turned permanently red, and the alumina is then calculated by differ- 
ence. The silica present, which is always in only extremely small 
amount, does not interfere, since the indicators have no action upon it. 

Example of calculation . 10 c.c. of the sodium aluminate solution 

(corresponding to o-2 g. substance) required 8-5 c.c.„of acid to decolorise 
the phenolphthalein, and a total of 23-85 c.c. to permanently colour the 
methyl orange red ; 23-85 -*8-50= 15*35 c - c - therefore correspond to the 
alumina. 1 c.c. Nj 5 hydrochloric acid is equivalent to 0-00621 g. Na 2 0 
and to 0-003407 g. A 1 2 0 3 . The percentage of Na 2 0 is accordingly 
= 26-35, and that of Al 2 0 3 = 26-09. 

2. The Insoluble Residue is estimated in 10 or 20 g. of substance as 
in the analysis of sodium carbonate {cf p. 457) ; the hardened filter paper 
made by Schleicher and Schull, or some other good quality paper, 
should be used for the filtration. 

1 Z. angew* Chem., 1890, 3, 227, 293. 2 J Soc . Qem. Inf 1889, 8 , 253 ; 1891, 10 , 202. 

3 Z. angew. Chem 1890, 3. 299. 
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3. Silica is estimated by evaporation with hydrochloric apid and 
washing in the usual way. Bayer states 1 that sodium aluminate solution 

- is only capable of folding a few tenths per cent of silica in solution, just 
as conversely water-glass solution can only take up traces of alumina. 

4. Traces of Iron are detected as described on p. 614. 

IV. Alumina 

Alumina comes into the market as the hydroxide which contains 
' from 64 to 65 per cent of A 1 2 0 3 , and anhydrous, containing nearly 
99 per cent of A 1 2 0 3 ; the latter js chiefly used for the manufacture of 
aluminium. , 

The usual impurities consist of small quantities of silica and of 
sodium carbonate, which are detrimental in the electrolytic preparation 
of aluminium ; traces of iron taken up in the course of manufacture 
may also be present. 

For analysis the substance is dissolved in hydrochloric acid, the 
Alumina estimated as on p. 610, and the Silica as on p. 605. Sodium is 
determined in the filtrate from the alumina, which is carefully evaporated, 
the dry residue gently heated to drive off ammonium chloride, but not 
strongly enough to volatilise the sodium chloride, and the latter weighed. 
Iron is estimated as on p. 614. 

According to P. Kienlen, aluminium hydroxide is generally 
guaranteed to contain 60 per cent, of Al 2 O a ; he estimates the silica 
as usual, and checks the determination by evaporation with hydrofluoric 
acid (p. 606). “ Combined Sodium ,” which is alwhys present, he estimates 
as follows: 5-305 g. of substance are heated to a moderate red heat 
and then digested with water ; an excess of normal sulphuric acid is 
added, the solution boiled, and titrated back with normal sodium 
hydroxide. This gives the “ Total Sodium! The £< Soluble Sodium ” 
is estimated by boiling 5-305 g. of substance with 100 c.c. of water and 
titrating with normal sulphurio*acid and phenolphthalein ; 1 c.c. normal 
acid = I per cent. Na^COg. The difference between these two estima- 
tions gives the “combined sodium.” The total sodium may also be 
estimated by boiling with ammonium chloride (cf p. 607). The Loss 
on Ignition (H 2 0 + C 0 2 ) is determined by igniting for fifteen minutes'* 
on the blowpipe, and the alumina is estimated either by difference or 
by precipitation with ammonia. 

Good aluminium hydroxide contains on an average 63 per cent. A 1 2 0 3 , 
0-90 per cent Si 0 2 , 0-003 per cent. Fe, 0*90 per cent. Na 2 C 0 3 , o-8o per 
cent. Na 2 0 (combined) and 34-40 per cent loss on ignition. Prepara- 
tions manufactured by Bayer’s process (spontaneous decomposition of 
aluminate solutions) contain only 0*15 per cent. Si 0 2 . 

1 Z t angew . C/iem., 1891, 4, 5 1 2. 
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Kieftlen estimates silica^ in Calcined (metallurgical) alumina by 
fusing with acid potassium sulphate and extracting ' the melt with 
water ; the solution is filtered, the residue fused with spdium carbonate, 
dissolved, evaporated with acid, and the silica filtered off,#weighed, and 
volatilised by hydrofluoric acid. To estimate the sodium (Na 2 0 ) i g. 
of the sample is very finely powdered and mixed with i g. of ammonium 
chloride and 8 g. of calcium carbonate, and the mixture ignited in a 
platinum crucible, at first gently and then strongly for thirty minutes. 
When cold, the mass is macerated with a little water, rinsed into a 
flask, and the residue thoroughly washed. The filtrate is treated cold 
with ammonium carbonate solution, starred until the calcium carbonate 
has become granular, filtered, and the 'filtrate evaporated in a platinum 
dish and finally on the water-bath. The residue is ignited to drive 
off ammonium salts, dissolved in water, a few drops of ammonium 
carbonate solution added, any precipitate that forms filtered off, the 
resulting solution again evaporated as before, and the residue ignited 
and weighed. It is advisable to make a control test, with the reagents 
used, for the presence of sodium chloride. The loss on ignition is also 
determined; the alumina is generally taken by difference. 

Good metallurgical alumina contains 98*40 per cent. A 1 2 0 3 , 0*03 to 
0*25 percent. Si 0 2 ,o*io per cent. Fe 2 0 3 , o*io to 0*15 per cent. Na 2 0 , 
and 0*20 to o*8o per cent. H 2 0 . 

V. Aluminium Salts used in Eyeing,* etc. (Acetate, 

- " - Thiocyanate, etc.) 

These salts, which are enumerated on p. 608, maybe examined either 
as to their content of alumina (cf. p. 610) or as to their acid constituents ; 
the latter are estimated by methods which are either generally known, 
or which are described in other sections : eg.> thiocyanic acid by 
precipitation as copper thiocyanate (p. 565), hypochlorous acid as 
described on p. 510, chloric acid as 0T1 p. 511, thiosulphuric acid by 
iodimetry, p. 117, etc. 

As a rule these estimations are omitted, becaOse the analytical data 
^give the manufacturer but little information as to the practical value 
of the sample. It is preferable to carry out a practical test, either in 
dyeing or in printing, and to compare the result with that obtained 
with a “ standard ” preparation. 
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By Professor E. Adam, The Art-trade School of the Royal Austrian Museum of Art 
and Industry, Vienna. English translation revised by W. Thomason. 

GLASS in the broader sense of tfie word is usually understood to be a 
complex of silicates produced by fusion, of an amorphous, transparent or 
opaque nature, which in some cases may contain dissolved borates, 
phosphates, fluorides, metals, metalloids, and sulphides. All glasses of 
technical importance are characterised by becoming liquid at high 
temperatures and tough and viscous on slowly cooling; they can be 
moulded to a definite form before solidification, and are more or less 
resistant to the action of the atmosphere, water, and chemical agents. 
Experience has shown that only silicates of the complexity of at least 
double silicates possess these properties, and that the oxides of the 
alkaline earths or of aluminium, zinc, and heavy metals must form a 
constituent part of sucji glass in addition to the oxides of the alkalis ; 
the technical glasses are accordingly mostly alkali-lime or alkali-lead 
silicates. Schott 1 has recently succeeded in 'producing boro-silicate 
glass entirely free from alkali ; it is easily workable and resistant, and 
in consequence of its being less sensitive to sudden changes of tempera- 
ture than alkali-lime or lead glass, it is more suitable for many purposes. 

I. RAW MATERIALS 

The raw materials employed in the manufacture of glass may be 

classified as follows : — 

» 

1. Silica and Silicates. 5. Lead oxide. 

2. Boric acid and Borates. 6. Other Metallic oxides and Fluxes. ♦ 

3. Alkaline Fluxes. 7. Decolorising agents. 

4. Lime. 8. Colouring agents. 

1. Silica and Silicates 

Silica is introduced into the mixture of raw materials, “ the frit,” as 
sand, quarts, or flint, and in many cases in the form of a natural silicate. 

1 Ann , . Rhysik ., 1889, 38, 453. 
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Sand is the most widely used form of silica. To produce a perfectly 
' colourless glass it must be as 'free as possible from iron ;* very pure sand 
contains from 0-005 to o-oi 5 per cent, of ferric oxide? 1 A small quantity 
of alumina or of alkali is rather beneficial than ha'rmful. Alumina 2 
stops the tendency to devitrification in the furnace and in the working 
of the glass in the blowpipe; it also effects an economy of material. 
Ferruginous sand is of value in the manufacture of green or brown 
bottle glass. The size of the grain is of importance, since fine grain 
sands are more readily attacked by the fluxes than coarse grain. 

The sand used in the manufacture of ordinary window glass and of" 
bottle glass is usually obtained"in the vicinity of the works. Belgian 
sand is almost invariably used for ,the<- manufacture of plate glass ; its 
technical value is judged by the colour on ignition and by chemical 
examination. 

The chief Austrian and German glass-works use sand from 
Hohenboka for the manufacture of fine colourless glass ; this consists of 
quartz grains about \ mm. in diameter, and is separated on the spot by 
washing, from the small quantities of mica and clay with which it is 
associated ; the washed sand contains approximately 99-7 per cent, of 
silica and only traces of iron. 

Sand from Martinroda, which is employed in Thuringia in the 
manufacture of lamp glasses, contains 3-8 per cent, of alumina and 
2-7 per cent, of potassium oxide (Weber). 

A rough test of the suitability of a sand for .glassmaking is effected 
by strongly heating, it in a glass furnace; if the sand contains an 
appreciable quantity of'iron, it will appear grey after the heating. 

An exact estimation can only be obtained by the quantitative 
■determination of the contained bases. For this purpose the sample of 
sand is very finely powdered in an agate mortar and 5 g. treated either 
in a weighed platinum basin or in a capacious crucible with hydro- 
fluoric acid and allowed to stand covered with a platinum lid, 
with frequent stirring, until no more -gritty particles are observable. 
The reaction can be conducted either at the ordinary temperature or 
upon a gently heated water-bath; in the latter, case the crucible lid 
9 must fit tightly and the evaporated hydrofluoric acid must be replaced 
.as required. The decomposition even upon heating takes considerable 
•time on account of the slow solubility of crystalline silica in hydro- 
fluoric acid. When solution is complete, the lid is removed, the 
.contents of the crucible evaporated to dryness upon the water-bath, 
.allowed to cool, and ten to twenty drops of sulphuric acid (1 : 1) added ; 
the residue is then carefully taken to dryness upon an asbestos gauze, 
And finally^ gently ignited and weighed. It is then dissolved in hot 

1 Lecrenier, Bull . Soc . Chim 1904, 18, 404. 

2 Weber, Verhdl. d. Ver. z. Btf. d. Giwerbefl. , 1888, 152 ; Schott, Sprechsaal, 1888, 125. 
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water, hydrochloric acid added, and the contained sulphuric acid 
estimated by barium chloride ; the weight of the bases in the sand 
is found by differ 5 hce. Should the latter be present in considerable 
quantity, the^ can be separated in the hydrochloric acid solution and 
determined. 

If it is only required to estimate the contained Iron, the weighed 
residue is dissolved in dilute sulphuric acid and the iron in this solution 
reduced by chemically pure zinc and determined by standard potassium 
permanganate solution. 

The amount of silica Is found by difference if the bases have been 
quantitatively determined. For* a direct determination, i g. of the 
finely powdered sand is fused frith sodium-potassium carbonate and 
the separation of the silica effected as in the analysis of glass 
(cf> p. 644). 

To decide whether a sand can be freed from the accompanying 
impurities by means of washing, a fair-sized sample is stirred up in 
a porcelain basin with a considerable amount of water ; the turbid 
washings are rejected and the washing continued until the decanted 
water remains clear. By a determination of the bases or of the iron 
contained in the washed and in the unwashed sand the extent of the 
purification effected can be gauged. 

Quartz is less often employed in the manufacture of glass than 
sand, since its application always entails a previous sorting, roasting, 
quenching, and disintegration. The determination of its value and its 
examination are conducted ifi the same way as with sand. It is 
advantageous in the analysis of quartz to heat tlie pieces in a fire- 
clay crucible and quench in cold water before powdering, as the dis- 
integration is thus made easier and a better average sample is 
obtained. 

Flint occurs in irregular pieces of varying size in the chalk forma- 
tion, and is mostly coloured yellow by organic matter, but on heating 
becomes white. It is a very pure form of silica, but since it is 
difficult to powder and its price higher than that of sand, its application 
is limited. • 

Natural Silicates. — Many naturally occurring silicates, such as^ 
granite, trachyte, basalt, obsidian, pumice, lava, and argillaceous marl, 
are extensively used in the production of various kinds of glass. When 
comparatively cheap, they form an advantageous substitute not only 
for sand and quartz but also for alkali and lime, on account of their 
content of these materials. Owing to the considerable quantity of 
alumina and iron which they contain, their application is strictly con- 
fined to the production of green or brown bottle glass ; the estimation 
of their coiistitutents is carried out according to the methods given for 
the analysis of glass (p. 641). 
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+ 2. -Boric Acid and Borates 

C* 

Boric acid is used in the production of coloured glass, and in the 
manufacture of the glass compositions known as “ strass” and “ enamel ” ; 
it is now also employed in the preparation of those varieties of glass 
the great resistance of which to changes of temperature render them 
suitable for lamp glasses, laboratory utensils, etc. It is used as crystal- 
lised boric acid, as borax, or in the form of naturally occurring borates, 
if their chemical composition is suitable. 

Boric acid. — This occurs in commerce in different degrees of - 
purity, and contains, besides hygroscopic water, often considerable 
quantities of impurities such as alkad sulphates and chlorides, ferric 
oxide, alumina, lime, magnesia, sulpnurlc acid, silica, and organic 
matter. 1 

For the examination of crude boric acid for technical purposes it 
is sometimes sufficient to determine the hygroscopic water by drying 
for two hours at 50° and then over sulphuric acid for twelve hours, and 
also the residue insoluble in alcohol ; the difference gives approximately 
the weight of boric acid. 

More exact results are obtained according to Zschimmer 2 by titrating 
the boric acid with standard barium hydroxide solution in the presence 
of a large excess of glycerol, using phenolphthalein as indicator. 

An alternative volumetric method for the estimation of boric acid 
is that of Cleveland Jones. 3 Litmus is added to the solution to be 
examined, which is then made distinctly acid^ by hydrochloric acid 
and 5 c.c. of a 10 per cent, solution of barium chloride added to pre- 
cipitate free carbonic acid. Also, about 10 c.c. of a 25 per cent, 
solution of potassium iodide is mixed with an equal volume of a 
saturated solution of potassium iodate to which starch solution is 
added, and the colour exactly destroyed by sodium thiosulphate 
solution. This iodide-iodate solution is then added to the boric acid 
solution, the whole decolorised again Igy thiosulphate solution, a few 
drops of phenolphthalein solution added and titrated with standard 
sodium hydroxide solution to a distinct red coloration. The colour is 
then destroyed by the addition of about 1 g. of mannitol, and standard 
oalkali again added until a faint red coloration is formed, which remains 
permanent on the further addition of mannitol. The quantity of boric 
acid is calculated from the volume of standard alkali used, according 
to the following equation : — 

B 2 0 3 + 2NaOH - Na 2 0 .B 2 0 3 + H 2 0 . 

It is most advantageous to work in a cold solution the volume of 

1 Of* JDammer, Anorganische Chemie , vol. iii., p. 61, 

\ Chem - Ze < I 9 ° I . 25 . 67 ; of. also, Thomson,^ Soc. Chem. Ind., 1893, 12, 433. 

3 Z. anorg. Chem., 1899, 20, 212 ; 1899, 21, 109. 
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which is less than 50 c.c. Silica and hydrofluoric # acid have no influence 
upon the reaction. 

For the cornpl^te examination of crude boric acid 2 to 3 g. are 
dissolved in Jhot water, filtered from any insoluble residue, nitric acid 
added to the filtrate, and the silica separated from one-half of this 
solution ; silver nitrate is added to the other half of the solution to 
precipitate the chlorine and then barium nitrate to precipitate the 
sulphuric acid. A second sample is evaporated with hydrofluoric acid 
and a little sulphuric acid to dryness, the residue dissolved in dilute 
* hydrochloric acid, and the contained ferric oxide, alumina, calcium, 
magnesium, potassium, and sodium Separated and estimated in the 
usual way. | 

Should the boric acid contain ammonium salts, which is frequently 
the case, a separate quantity is heated with sodium hydroxide solution, 
the evolved gas absorbed in standard sulphuric acid solution and the 
excess of acid titrated back with standard alkali. The hygroscopic 
water is estimated as described above and the boric acid calculated 
by difference. 

Borax is usually employed as refined borax, since the cheaper crude 
preparations contain considerable quantities of insoluble constituents in 
addition to chlorides and sulphates. The examination is carried out 
according to the method given for boric acid and for the natural borates. 

Natural Borates. — Among the many naturally occurring borates 
only calcium borate or *borocalcite (Ca 2 B 6 O n . 4H 2 0 or CaB 4 0 7 .6H 2 0) 
and boronatrocalcite (NaCaB*0 9 . SH 2 0) are of • importance for the 
glass industry; boracite (2Mg 3 B 8 0 15 . MgCl 2 ) is* unsuitable on account 
of its larg£ content of magnesium chloride. 

The boric acid in natural borates is determined either by difference 
or a sample is fused with from four to six times its weight of potassium 
carbonate, the fused mass extracted with water, and the boric acid 
separated as potassium borofluoride. 

Several volumetric methods •have been recommended for the deter- 
mination of boric acid in alkali and alkali-earth borates. According to 
that of Jorgensen , 1 modified by Honig and Spitz , 2 for the estimation of 
boric acid in alkaline borates, 30 g. of the salt are dissolved in water and 
the solution made up to I litre. The alkali is estimated in 50 c.c. of the * 
clear solution by means of N /2 acid and methyl orange. To the solu- 
tion thus obtained, which is neutral to methyl orange and which contains 
all the boric acid in the free state, two to three drops of phenolphthalein 
and 50 c.c. of glycerol are added and the whole titrated with Nj 2 alkali 
until a red coloration is produced. Glycerol in portions of xo c.c. at a 
time and the standard alkali are then further added so long as the 
violet coloration is no longer destroyed by a fresh addition 8f glycerol. 

1 Z. angew . Chem^ 1897, 10, 5, 2 Ibid., 1896, 9, 549 ; Z. anal Chem ., 1903, 42, 119. 
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Each c.L of N/2 alkali used corresponds to 0-0175' g. B 2 0 3 , according to 
the equation given above. 

For the estimation of borates insoluble in water*such as boronatro- 
calcite, boracite, borocalcite, etc., 2 g. of the sample are boiled with 50 c.c. 
of normal acid in a flask, attached to a reflux condenser. After the 
solution has cooled the condenser tube is washed out, the excess of acid 
neutralised with alkali, and the determination proceeded with as described 
above. 

A critical summary of the methods proposed for the estimation of 
boric acid has been given by M. Schaak, 1 who recommends the following 
modification for natural borates. Thosample is dissolved in an excess 
of dilute hydrochloric acid by heating hi a flask attached to a reflux con- 
denser, the solution made up to a definite volume, filtered, and 100 c.c. 
of the filtrate (2 to 4 g. of substance) almost neutralised with alkali, 
after addition of methyl orange. From 2 to 3 g. of barium carbonate 
are then added to complete the neutralisation and to precipitate the 
salts of iron and aluminium, the presence of which interferes with the 
subsequent titration. The whole is warmed on the water-bath for 
half an hour, allowed to cool, filtered, the filtrate made up to 200 c.c., 
one-third of its volume of neutral glycerol added, and titrated with 
standard sodium hydroxide solution, free from carbonate, using phenol- 
phthalein as indicator. The method is both rapid and convenient. 
(Thomason.) 

J. Wolff 2 has modified Honig and Spitz’s Method by substituting 
ferric sodium salicylate |s indicator in plate of methyl orange, in the first 
neutralisation. The salicylate is prepared by dissolving freshly pre- 
cipitated ferric hydroxide in a concentrated, neutral sodium 4 - salicylate 
solution by heating for a short time at 8o°. For the estimation of boric 
acid in borax a solution is prepared with air-free water to which 0-5 to 
1 c.c. of the indicator and either sulphuric or hydrochloric acid diluted 
with an equal volume of water is added, until the liquid is just coloured 
violet. N/10 sodium hydroxide solution is then added, drop by drop, 
until an alizarin-yellow coloured precipitate is produced ; 20 c.c. of pure 
glycerol and a few drops of phenolphthalein are next added, and the 
boric acid titrated with the N/10 alkali. 

Lunge 3 has shown that Wolff’s indicator has no advantage over 
methyl orange for the analysis of borax. 

The boric acid in calcium borate is determined by dissolving the 
sample m the least quantity of hydrochloric acid diluted with 40 c c 
of water (for 2 g. substance, 1-5 c.c. acid) with the application of heat; 
any carbonic acid present must be removed by heating. The solution 
is then titrated as above. 


1 J. Soc. Chem. Ind., 19 04 , 23 , 699 . 2 z% ^nUr. Nahr. 

3 Z. angew. Chem . , 1904 , 17, 203 . 


Genussm ., 1901 , 4 , 157 . 
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To determine the bases in a natural borate a* sample is evaporated 
with hydrofluoric aad sulphuric acids and the residue treated as in the 
method given fdV*the examination of boric acid. For the estimation of 
the chlorine & portion is dissolved in nitric acid containing silver nitrate, 
and the filtrate from the silver chloride used for the determination of 
the sulphuric acid by precipitation with barium nitrate. 

3. Alkali Fluxes 

Potassium carbonate, sodium carbonate, and sodium sulphate are 
employed. Potassium carbonat^ is used in the production of difficultly 
fusible potash and lead crystal *glass, sodium carbonate either alone or 
in conjunction with potassium carbonate in the preparation of window, 
mirror, and lens glass, and sodium sulphate in the manufacture of 
window and bottle glass. 

Potassium Carbonate. — The purity of potassium carbonate depends 
upon its origin and method of preparation. 

It may contain sodium carbonate, chlorides, sulphates, and insoluble 
substances. Sodium carbonate is undesirable if the potassium carbonate 
is used to produce pure crystal potash glass ; its presence must also, of 
course, be taken into account in the preparation of potash-soda glass ; 
chlorides and sulphates cause the separation of partially fused material 
in the pot or tank, but^with the higher temperatures now used this very 
seldom occurs ; the insoluble constituents may introduce large quantities 
of alumina and of ferric oxide into the frit; <also* the neglect of the 
amount of hygroscopic water present may introduce an error in the 
composition of the metal. 

The examination of potassium carbonate is conducted as described 
on p. 543. 

Sodium Carbonate. — This is employed partly as Leblanc and partly 
as ammonia soda. The Le^lanc-soda often contains considerable 
quantities of sodium chloride and sulphate as well as substances in- 
soluble in water; the ammonia-soda is finer and less dense, and is 
more frequently employed now on account of its greater purity. 
Although sodium carbonate is less hygroscopic than potassium carbonate,* 
the content of water must be considered. 

The examination of sodium carbonate for carbon dioxide, sodium 
sulphate and chloride, moisture and insoluble substances, is carried out 
according to the details given on pp. 454 to 460. 

Sodium Sulphate. — Sodium sulphate has been in use for a long 
time as a cheap substitute for sodium carbonate in the manufacture of 
window and bottle glass. Since silica does not decompose sodium 
sulphate on heating, an addition of powdered charcoal is made in the 
manufacture, from 4 to 6 per cent, of the weight of the sulphate em- 
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ployed r being added ; 'this causes reduction to sodium sulphite, which is 
readily decomposed. An excess of charcoal gives rise to the formation 
of sodium sulphide, which dissolves in the glass and colours it yellow ; 
since this is never quite obviated, preference is given to the dearer 
sodium carbonate in the manufacture of clear white bottle glass. 

The sulphate is examined for the content of iron, acid sulphate, and 
sodium chloride; the last may cause a separation of partially fused 
material in the pot. The methods of analysis are given on pp. 404 to 409. 

4. Lime 

Calcite, marble, chalk, and calcarelus marl are employed, and also 
burnt lime subsequently slaked by the atmosphere. Unburnt lime 
causes much frothing of the metal during the fusion on account of the 
evolution of carbon dioxide, and should therefore be more or less 
finely powdered ; this effect is avoided by using burnt lime, but then 
the possibility arises that the lime may contain varying quantities of 
water at different times and the neglect of this fact may cause faulty 
frits. For this reason it is occasionally necessary to estimate the 
quantity of calcium oxide in the sample. 

The demands in regard to the purity of the lime are regulated by 
the kind of glass to be produced. For the preparation of green or 
brown bottle glass the presence of iron is in no way disadvantageous, 
but for colourless glass the lime must be as free^as possible from iron ; 
its presence is harmful, because it hinders the refining of the metal and 
produces a tendency to devitrification. Alumina is of less importance 
as an impurity if present in not too great quantity, because it prevents 
devitrification. 

For the examination of lime, cf. p. 483. 

5. Lead Oxide 

The raw materials containing lead which are cf importance are red 
lead, litharge, lead peroxide, and calcium plumbate (Ca,Pb 0 4 ) which 
„has recently been introduced. Red lead and those lead compounds 
which give off oxygen on heating possess an advantage over litharge 
because on fusion the liberated oxygen causes oxidation which serves 
to decolorise and purify the metal. 

For the manufacture of crystal glass the above lead compounds 
must be free from copper and iron oxides. 

An examination of the lead oxides is very essential since lead 
sulphate, heavy spar, alumina, sand, etc., are not uncommon impurities. 
To determine the content of lead a weighed quantity of the sample is 
dissolved by heating with dilute nitric acid and, if necessary, a very 
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little oxalic acid, the solution diluted with water, filtered |n case 
there should .be any insoluble residue,- and after the addition of 
sulphuric acid evaporated until the solution begins to fume. When 
cold the residue Is diluted with water, and the lead sulphate filtered off, 
washed, and weighed in the usual way. The filtrate is divided into two 
parts, which are examined for copper and iron respectively. Lecrenier 1 
estimates these two metals colorimetrically by evaporating the filtrate 
from the lead sulphate to dryness, dissolving the residue in i c.c. of 
hydrochloric acid and a little water, and making up the solution to 
' 500 c.c. ; potassium thiocyanate is added for the colorimetric measure- 
ment in the case of iron, and ammonia in the case of copper. The 
insoluble residue from the nitric, acid solution, if of sufficient quantity, 
is fused with sodium carbonate and further examined. 

To determine the contained sulphates a sample is boiled with 
sodium carbonate solution and the solution filtered; the sulphuric 
acid is contained in the filtrate as sodium sulphate and the bases in 
the residue. 

To test calcium plumbate a sample is dissolved in nitric acid with 
the addition of oxalic acid, the solution freed from excess of acid by 
evaporation, and sulphuretted hydrogen passed in to the diluted 
solution. The resulting precipitate is filtered, washed, and the lead 
and copper separated in the usual way. The sulphuretted hydrogen 
is then expelled from the filtrate, and the calcium, together with any 
traces of iron precipitated by ammonia and ammonium oxalate, filtered 
ignited together and weighed-; the precipitate is dissolved in hydro- 
chloric acid, and the contained iron separated by precipitation with 
ammonia. 

6. Other Oxides and Fluxes 

Zinc oxide, baryta, fluor-spar, and cullet are employed. 

Zinc Oxide and Baryta. — These two oxides are now employed 
both more frequently and in greater quantity than formerly, especially 
in the manufacture of the many kinds of resistant glass which are now 
made, such as Jena thermometer glass and the like. Baryta is also used 
in place of lead oxide, since baryta glass is distinguished by its brilliant 
polish and high specific gravity. Zinc oxide is added to the metal as- 
zinc white, and baryta in the form of witherite or of heavy spar. The 
small quantity of iron contained in these materials is estimated in the 
usual manner. 

Fluor-spar. — This serves as a flux in the preparation of green 
glass in order to make the metal more mobile, and it is also employed 
to produce the cloudiness in the so-called “ opal-glass ” ; for the latter 
purpose it crust be as free as possible from iron. 

1 Bull . Soc . Chim ., 1904, 18, 404. 
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The^ examination of fluor-spar includes the estimation of the 
contained fluorine and iron. The fluorine can be determined 
approximately by mixing a portion of the finely r powdered material 
with an equal quantity of pure silica in a flask, adding concentrated 
sulphuric acid, and determining the loss of weight due? to the loss 
of silicon fluoride upon gently heating. A more exact estimation of 
the fluorine can be made by means of the Hempel fluorometer, 1 by 
which the volume of the evolved silicon fluoride is measured. Should 
the fluor-spar evolve carbon dioxide on treatment with acid, the 
Hempel-Scheffler method 2 must be employed, because treatment with 
dilute acetic acid to remove tfye carbonate present, does not give a 
correct result, as there is always a| loss either of fluorine or of 
carbon dioxide. * 

For the estimation of the contained iron a portion is heated with 
an excess of sulphuric acid until the calcium fluoride is completely 
decomposed (that is, as long as hydrofluoric acid is given off), diluted 
with water upon cooling, and after reduction by zinc, titrated with 
standard permanganate solution (p. 380). 

Cullet. — The waste produced in working up the glass metal forms 
a valuable addition product to the frit by means of which a considerable 
economy in material is made. In works where several kinds of glass 
are manufactured a rigid sorting of the waste is necessary. The 
broken glass of varying composition obtained from dealers is used as 
an addition in the manufacture of green or brown bottle glass, and is 
usually sorted according to its colour. r e 

7. Decolorising Agents 

The ferric oxide, sulphides, and organic substances which occur as 
impurities in the raw materials give the metal a more or less distinct 
shade of colour, even when the purest substances have been employed. 
To overcome this, substances are added during the fusion of the frit 
which effect either an oxidising action r upon the colouring substance, 
or a colour compensation, or which produce deColorisation by both 
these means. The most important decolorising Agents are manganese 
,-dioxide, nickel oxide, selenium, sodium selenite, arsenious acid, nitre, 
and compressed oxygen. 

Manganese Dioxide. — This is the most frequently employed 
decolorising agent Its action is partly due to the oxidation of the 
sulphides and carbon contained in the metal, and partly on account of 
the red-violet coloration, which is produced, and which compensates 
the green colour formed by ferrous oxide. The quantity employed 

r 1 Cf Hempel’s Methods of Gas Analysis , trans. by Dennis, p. 317, * 

2 Z. anorg. Cham., 1899, 20, I. c 
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is, in most cases, less than 0-05 per cent, of the metal ; in some jptique 
glass as much as 05 per cent, of manganese dioxide is sometimes found. 

The value of pyrolusite for decolorising is proportional to its 
content of manganese dioxide and the smaller the quantity of ferric 
oxide and gatigue it contains. Its examination is described under the 
section on “ Chlorine ” (p. 476). 

Nickel Oxide. — The action of this oxide is due to the violet coloration 
it produces, which destroys the green coloration due to ferrous oxide. 
It is employed either as black oxide of nickel or as the green hydroxide, 

■ and usually in small quantities amounting to less than 0-005 per cent 
of the metal. # 

Selenium and Selenium Compounds. — These agents have been 
quite recently employed in the decolonisation of glass, either alone or 
in conjunction with other decolorising agents such as pyrolusite, nickel 
oxide, and arsenic; reducing agents are added if necessary. The 
quantity of selenium employed amounts at most to 0-004 per cent, of 
the metal ; the use of this reagent is protected by a patent. 

Arsenious Oxide and Nitre. — These evolve oxygen and so oxidise 
the colouring constituents of the metal, the carbon being burnt away 
and the sulphides converted into sulphates which are taken up by the 
less fusible portions of the melt ; at the same time the green coloration 
produced by the ferro-silicate is changed into the less noticeable pale 
yellow ferri-silicate. 

Compressed Oxygen has recently been employed to decolorise the 
metal by passing a current of qxygen into the molten material ; it serves 
both to oxidise and at the same time to mix the metaL 

8. Colouring Agents 

The number of substances which can be employed to colour 
glass is extremely large. Apart from those used to produce opacity 
the most important colouring agents are the oxides of iron, copper, 
cobalt, chromium, manganese/ nickel, uranium, and antimony, com- 
pounds of silver, gofd, and selenium, cadmium sulphide, and various 
organic substances ; the colouring properties of various sulphides, and 
of tungsten and molybdenum compounds have as yet found very,* 
little application. Many colouring agents should be examined for their 
content of the respective colouring substance and for their purity. Since 
this is conducted according to ordinary analytical methods, only those 
points will be emphasised which have to be particularly observed in the 
examination. 

Iron Compounds. — These give a green to a wine-yellow coloration. 
The compounds chiefly employed are natural or manufactured ferric 
oxide, ferrous oxide, ferric hydroxide, ochre and ferrous carbonate ; 
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yellow $russiate of potash and iron pyrites are less frequently used, on 
account of the colour' produced by the contained carbon and sulphur 
respectively. In testing manufactured iron compounds, the presence 
of sulphates and chlorides as impurities should be kJoked for, and in 
the natural products the quantity of iron and the amount of gangue 
present should be determined. 

Manganese Compounds.— These produce wine-red and violet to 
black colorations; mixed with ferric oxide, brown colorations result. 
Pyrolusite is generally employed ; less often artificially prepared man- 
ganese dioxide or manganous carbonate. They are examined by the 
methods referred to under decolorising agents. 

Copper Compounds.— With these} blue, green, and red colorations 
are produced. Cupric oxide and cuprous oxide are mostly used ; copper 
sulphate is seldom employed and is not suitable. The presence of iron 
has a great influence on the quality of the colour, and should always be 
tested for. 

Cobalt Compounds.— These produce sky-blue or dark-blue colora- 
tions according to the composition of the metal and the quantity of 
reagent employed. Cobalt oxide and cobaltous carbonate are most 
frequently employed ; cobaltous phosphate or arsenate, zaffre, and smalt 
less frequently. A large content of nickel or of iron can seriously 
affect the colour. 

Chromium Compounds. — Yellow to green colorations are produced 
by chromium compounds according to the composition of the glass. 
Chromic oxide, potassium bichromate, ^potassium chromate, barium 
lead, iron, silver, and: "zirfc chromates are employed ; chromic oxide as 
well as chromates produced by precipitation are not infrequently con- 
taminated with alkali sulphates or chlorides, the presence of which must 
be considered in their application. 

Nickel Compounds. — Nickel* sesquioxide, nickel monoxide, and 
nickel hydroxide are seldom employed to colour, but more frequently 
to decolorise glass ; they give faint reddish-brown to greenish-brown 
shades of colour. 

Uranium Compounds. — Lead glass is coloured a pale- or dark- 
yellow by uranium compounds ; with lead-free glass a yellow-green and 
^sometimes fluorescent colour is produced. The uranium compound 
usually employed is uranium yellow (sodium uranate); uranic oxide or* 
uranic-uranous oxide are less frequently used. 

Antimony Compounds. — Antimony oxide can only be employed 
for glass rich in lead. Either the oxide, sulphide, or antimony-glass 
(a fused mixture of oxide and sulphide) is used and imparts a yellow 
colour. Lead-free glass is not coloured by antimony oxide, but a small 
quantity off metallic antimony in the frit produces increased"lustre and 
is frequently employed for this purpose. r 
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Silver Compounds* — The colouring property of silver is very great 
It is employed .either as oxide, carbonate,* nitrate, 5 chromate, or sulphide 
for the manufacture of yellow glass. 

Gold Compounds. — Gold colours glass from, pink to ruby-red accord- 
ing to the amount employed, and like silver possesses great colouring 
power ; it is incorporated in the frit usually in the form of gold chloride, 
less frequently as purple of Cassius. 

Selenium Compounds. — Selenium and salts of selenious acid, 
especially sodium and calcium selenites, have recently found extensive 
application for the production of pink-red glass. They are added to 
the frit in combination with arsenic. • 

Cadmium Sulphide. — The only compound of cadmium that colours 
glass is the sulphide, which produces an intense yellow. 

Organic Substances. — Charcoal made from alder, poplar, and birch 
wood, graphite, and anthracite have long been employed to colour glass 
yellow. The reddish or gold-yellow colour which is imparted to glass 
by these substances is not due to these materials themselves, but to the 
colouring property of the sulphides, which are produced by their re- 
ducing action on the sulphates contained in the frit 

Substances which produce Opacity. — A great number of sub- 
stances are used in glass manufacture for the production of white, more 
or less opague glass. The most important of these are tin oxide, 
arsenic, cryolite, fluor-spar, aluminum fluoride, and sodium fluoride, in 
conjunction with felspar or kaolin, bone ash, guano, and fibrous 
asbestos. Instead of the e^ensive cryolite, manufactured products 
are now employed, which are described in'* commerce as artificial 
cryolite, cryolite substitute, milk-glass composition, albinite, opaline 
kryolin, etc. 

Tin oxide is less used than Arsenic , which is employed rather for the 
production of easily fusible glass enamels than as an opacity producing 
material. 

Bone ash and Guano , which is rich in phosphate, serve for the 
manufacture of milk-glass, and produce opacity on account of the 
phosphate of lime which they contain. Both substances are examined 
according to the methods given in the section on “Artificial Manures ” 
(Vol. II.). Iron, if present, acts injuriously, and should be estimated. * 

Cryolite produces opacity on account of the contained fluorine and 
aluminum ; the glass produced is known as opal glass. The estimation 
of the quantity of fluorine is carried out as given under fluor-spar; 
alumina, ferric oxide, and sodium oxide are determined by decomposi- 
tion with sulphuric acid. 

Cryolite substitutes , which are much recommended, consist essentially 
of mixture^ of sodium, calcium, and aluminum fluorides, wfth alumina, 
felspar, or kaolin. When first* introduced they were not only cheaper, 
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but alsa richer in fluorides than natural cryolite • recently they have 
been much adulterated, 1 so that an estimation of the contained fluorine 

is advisable. - 

Fluor-spav is employed in conjunction with felspar, "Or kaolin in the 
production of opal-glass, for which only iron-free varieties are per- 
missible. The testing of this reagent has been described (p. 629). 

II. THE COMPOSITION AND TESTING OF GLASS 
The Composition of Glass 

It is impossible to assign a uniform formula to glass owing to the 
very wide variations that exist in its* composition, but certain regu- 
larities can be recognised in the composition of glass of similar 
character, from the analytical data. The general statement pro- 
pounded by Berzelius, that a glass which resists the action of water 
and of acids must be a double silicate containing two different bases, 
an alkali and the oxide of an alkaline-earth or heavy metal, has now 
a more limited significance owing to the recent researches of Schott, 
which have shown that the presence of an alkali is by no means 
necessary, and that it can be replaced by boric acid. 

The various kinds of glass can be grouped into two main classes 
according to their composition : — 

1. Leadless Glass. 2. Lead Glass . v 

Lead-free or Leadless Glass differs m composition according to 
the purpose for which it is manufactured, and can be divided into 
Alkali-Lime Glass, Glass containing Alumina, and Boro silicate Glass. 

Alkali-Lime Glass. — This is either soda, potash, or potash-soda 
glass ; the ratio of bases to silica, as well as that of the alkali to 
lime, is subject to great variation. The best lime glass, the so-called 
normal glass, is a tri-silicate and corresponds to the formula 
I K 2 0 (Na 2 0 ) : i CaO : 6 Si 0 2 . Since g*ass of this composition is very 
difficult to work, the lime glass which occurs in* commerce does not 
correspond to the above formula, but contains from* 4* 5 to 5 Si 0 2 instead 
of 6 Si 0 2 to the proportion of 1 CaO : 1 K 2 0 . Still this adjustment of 
the ratio of the silica is only possible within certain limits, because any 
considerable deviation from the normal formula produces faulty, easily 
decomposable glass. The properties of the glass depend also upon the 
nature of the alkali ; potash produces colourless, difficultly fusible 
brilliant glass (potash-crystal) while soda glass is always of a greenish 
tint Weber 2 is of opinion that the simultaneous presence of potash and 
soda is the cause of the depression phenomena in thermometers, i.e. of 

f* * 

1 Cf. Chem. Zeit ., 1899, 23, 461. 


2 Spree hsaal, 1888, 242. 
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the temporary expansion of the thermometer tube in consequence of 
warming. An appreciable replacement of.the lime by magnesia favours 
the tendency to devitrification, whilst the presence of a little alumina 
acts in the opposite direction. 

Alumina-TLime Glass. — The composition of this glass deviates 
essentially from that of pure lime glass ; it is employed in the pro- 
duction of green and brown bottles. Since the alumina replaces an 
acid, 1 the proportion of bases to silica is not I : 3, but mostly 1 : 1*8 ; on 
the other hand, this glass has a higher lime content, which is necessary 
* for clear melting. 

Boro-Silicate Glass. — Owing to th§ content of boric acid this glass 
contains either little or no alkali ; it is distinguished for its small 
coefficient of expansion. Schott & Co. of Jena produce boro-silicate 
glass, in which the quantity of lime is wholly or in part replaced by 
other metallic oxides such as those of barium, magnesium, zinc, and 
antimony ; this glass is used for the manufacture of thermometers, lamp 
glasses, chemical apparatus, etc. 2 

Lead Glass. — The composition of lead glass is similar to that of 
lime glass, the lime being wholly or partly replaced by lead oxide. 
When free from lime, it is called Lead Crystal \ and when it contains 
lime, Semi-Crystal glass. It is softer and more easily decomposed the 
greater the proportion of lead present. 

The Testing of Glass for Resistance- against the Action of 

the Weather, W^er, and Chemical Agents 

* 

The weathering of glass and the greater or less extent to which it is 
attacked by water are, according to the researches of R. Weber and 
F. Forster, to be regarded as essentially similar processes ; both are 
consequences of the decomposing action which water exerts upon the 
glass substance. 

Weathering consists of an ♦alteration of the surface of the glass 
produced by the actiqn of atmospheric moisture which liberates alkaline 
substances ; by the subsequent action of carbonic acid, alkali car- 
bonates are formed which appear as an efflorescence upon the glass. 
The weathering is greater the more readily the glass is acted upon by - ' 
water. 

Concerning the influence which the composition of glass has upon 
its susceptibility to the action of water, O. Schott, 3 Stas, 4 Kohlrausch, 5 

1 Cf. Frank, Dmgl.polyt. J. , 1889, 273, 91. 

2 Cf. Z. Instrumentkunde, 1891, 331 ; Verhdl. des Vereins z. Bef, d. Gewerbefleisses, 1893, 
161. 

3 Z % Instrumentkunde , 9, 8r. 4 Z. anal. Chem ., 1868, 7, 165. m 

5 Ben, 1891, 24, 3574 ; Ann. B/iyst^iSgi, 44, 577* 



636 


GLASS 


R. Webvr, 1 E. Sauer, 2 P. H. Walker, 3 and especially' Mylius and Forster 4 
have made exhaustive studies, and have shown that the action of hot 
water is greater than that of cold, that at the sam£ temperature soda 
glass poor in lime is less acted upon than potash glass of analogous com- 
position, but that with increasing quantities of lime this difference 
gradually disappears. The proportion of lime to alkali in resistant glass 
should, according to R. Weber, amount to i CaO : 1*3 to 1-5 K 2 0 (Na 2 0 ), 
and at least as much silica should be present as to represent a tri- 
silicate which can be expressed by the formula, 2 (1 R "0 : 1-3 to 1-5 
R^O) : 6 Si 0 2 . Forster and Mylius fix as the ratio for the best resistant 
glass the formula 1 CaO : i*i K 2 0 (Na 2 O) : 7 Si 0 2 . Lead glass is more 
resistant towards pure water than lime glass, but is easily attacked by 
alkalis and by acids. 

The action of acids, alkalis, and other chemical agents upon glass 
has been examined by Weber and E. Sauer, 5 and very thoroughly by 
Forster. 6 As a result of these researches, the remarkable fact has 
been established that, in general, acids have a less marked action upon 
glass than water, and that concentrated acids exert a weaker effect 
than when dilute ; the greater action of the latter is consequently 
ascribed to the water which they contain. The extent to which glass 
is attacked by water accordingly also furnishes a gauge of its resistance 
towards acids. 

The more basic varieties of glass such as are used in the preparation 
of enamels, and which are only slowly attacked by boiling water, are 
immediately etched by dilute solutions oFacids (Thomason). 

Alkalis act upon glass far more strongly than water, and the 
degree of the effect varies but little with differences in the composition 
of the glass ; alkali-lime glass containing alumina is the most resistant 
towards alkali. 

The extent of the action of boiling water and of chemical reagents 
upon glass, as well as the connection between the power of attack and 
the composition, is shown in the following table (p. 637) prepared by 
R. Weber. 

Mylius and Forster 7 conclude as the result of tffeir investigations that 
it is not possible to judge the suitability of glass vessels for chemical 
purposes from their composition, because the different types of glass, 
such as silicate, borate, alkali-lime, alumina, and lead glass are not 
really comparable. This factor can only be decided by comparative 
tests, and F. Forster 8 has accordingly examined various kinds of 

1 Ann . Physih,, 1879, 6, 431 ; Sprechsaal \ 1891, 14 ; Z . angew, Chem ., 1891, 4, 662. 

2 Ber, t 1892, 25, 70; 1814. 3 J. Amer . Chem . Soc., 1905, 27, 865. 

4 ^^*>^889, 22, 1092. 5 Ibid., 1892, 25 70 ; 1814. , ^ 

6 lbid, y 1893, 26, 2915- ; Z, anal Chem,, 1894, 3J, 299. 

7 Z, anal Chem,, 1892, 31, 241. 8 I 8 94) 33, 3 8r. 
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glass, which had been previously proved to be Exceptionally good, in 
respect to their full behaviour towards chemical reagent’s.' 

The following tables give a summary of the results obtained. 
Summary I. gives the chemical composition of the 'various kinds of 
glass examined, and Summary II. the results of the investigation. The 
experiments show that no glass is perfectly satisfactory in its behaviour 
towards every kind of chemical action. 

The specimens r to 9, which include Stas’ glass (No. 4), are exception- 
ally resistant towards cold water ; 3, 4, and 5, which are rich in lime and 
poor in alkali, are the most resistant to the action of hot acids. 

The soda glass No. ir containing alumina and rich in lime, is the 
least acted upon by sodium carbonate,, ammonia, and by potassium and 
sodium hydroxide solutions, whilst the glass containing boric acid is 
very considerably altered by these reagents. 

Glass No. 1 resists the action of steam best, and is therefore 
specially adapted for the water-gauge tubes of boilers. 

The best glass at present made for chemical purposes are the 
“ Stas,” 1 No. 4, and the Jena boric acid, apparatus glass; according both 
to F. Forster 2 and to F. Kohlrausch, 3 the latter withstands the 
action of water better than Stas glass and is also more resistant to 
sudden changes of temperature. 

A variety of methods have been employed for the determination of 
the resistance of glass against the action of the weather, water, and 
chemical agents. ^ 


Summary I. 


Number 
of Glass. 

k 2 o 

NasO 

CaO 

ZnO 

MnO 

«o 

5 ± 

SiOo 

B 2 O 3 

I II 

R 2 0:R0;Si0 2 

Number of 
molecules 
of Alkali 
in 100 
molecules. 

1 


11*0 



0*05 

5*0 

71-95 

12*0 



10*8 

2 

. * * 

9'8 

7*0 

5*0 

0*3 

3*5 „ 

74-4 


0 * 84:1 : 

6*59 

10*0 

3 

5*8 

7*6 

10*4 


... 

0*3 

75-9 

... 

0 * 99 : 1 : 

6*81 

11*2 

4 

6*6 

6*7 

9*5 



0*6 

76-6 


1*05 : 1 : 

7-52 

11*0 

5 

6*2 

6*4 

10*0 


6*2 

0*4 

76*8 


0*95 : 1 : 

7-16 

10*4 

6 

7*0 

8*3 

8*1 

Ml 


0*3 

76-3 


1 * 44:1 : 

8*80 

12*7 

7 

11*8 

4*9 

7*6 


o : i 

0*5 

75-1 


1*50 : 1 : 

9*24 

12*8 

8 

4*3 

10*0 

7*8 


«»• 

0*3 

77-6 


1 * 48 : 1 : 

9*28 

12*6 

9 

4*6 

10*1 

7*7 



0*4 

77-2 

»•« 

1 * 54 : 1 : 

9-36 

13*0 

10 

... 

14*0 

7*0 

7*0 

M4 

2*5 

67-5 

2*0 

1-06 : 1 : 

5*41 

14*0 

11 

0*6 

14*3 

11*2 


0*4 

2*9 

70-6 

M4 

1 * 18 : 1 : 

5*88 

14*6 

12 

14*0 

1*0 

5*8 


0*1 

0*2 

78-9 


1 * 59 : 1 : 

12-7 

10*4 

13 

1*8 

12*9 

11*0 



1*3 

73-0 


1*16 :1 : 

6-20 

13*8 

15 

9*7 

9*0 

6*8 

• *• 

Trace 

0*4 

74-1 


2*04 : 1 : 

10-17 

15*4 

16 

6*7 

13*7 

7*2 

Pb b 

0*3 

3*2 

68-9 


2*27 : 1 : 

8-91 

18*6 

17 

12*7 

... 

... 

30*0 

... 

... 

57-3 


1 * 00:1 : 

7-10 

11*0 


1 Manufactured at Cologrft by E. Leybold. 

Z. anal Chem., 1894, 33, 396. 3 Ibid., 1895, 34, 592. 
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Summary II.- • 


8 

a 

• 

Alkali 

dissolved by 
water expressed 
in thousandths 
of a 

milligram 
NaoO, in 

3 ® 

£ g 
o £ 

5 

Loss 

of weight in 
milligrams 
at 100° 
by the action 
of 2X solutions 
of alkali. 

Loss in milligrams 
on treatment with water 
at 190° for 4 hours. 

0*2 

2|o 

S'Sg 

& 

> 

a 

Approximate 
description of the 
Glass. 

2 § 

'rt 

*3 *3 



05 

o 53 -* 

SgO 

S-gjS 
■g S o 

2 ? o 
a 

CD 

1 


S days 
at 20° 

3 hours 
at 80° 

o * 
.So 

n ■? 

Sodium 

Hydroxide. 

Sodium 

Carbonate. 

Total 

loss. 

Loss 

of 

Alkali. 

5 tts 
«-■ S <3 

s§> 

&C p/o 

SgJ 

o 

a 

v-P o 

SoS 

££ o 

fl O C8 

S 5Q B 

1 

Sodium boro-silicate 
free from lime 

2*5 

2*7 

1*1 

67*3 

23*5 

23*7 

3*5 

3*5 

6*0 

2 

Zinc-lime glass con- 
taining alumina 
and poor in sodium 

2*1 

6*3 

3*0 

39-7 

17-6 





3 

Glass rich in lime 
and poor in alkali 

10-7 

28*4 

2*65 

35*4 






4 

Similar . . . 

8*9 

28*2 

3-17 

37*5 

59*5 

17-2 

5*6 

4*6 

2*65 

5 

Similar , 

13*1 

26*8 

2*05 

... 


... 

... 

... 


6 

Good lime alkali 
glass . 

14*0 

56 

4*00 

39*8 

76-9 

... 




7 

Similar . 

H'S 

45 

% 

3*10 

37-7 

79-2 

51*3 

15*4 

11*1 

3*35 

8 

Similar . 

14*9 

50 

3*40 

38*5 

73-(K 


... 



9 

Similar . 

17*8 

66 

3*72 

42*4 

79-4 

67 

16*4 j 

14*7 

3*57 

10 

Lime-soda glass, con- 
taining zinc oxide 
and alumina 

16*6 

65 

3*91 

46*5 

23*0 

34 

6*4 

6*4 

4*42 

11 

Soda glass rich in 
lime and contain- 
ing alumina. 

27 

98 

* 3*63 

31*3 

40*7 

? 

7*3 

7*3 


12 

Good potash glass 
poor in lime 

• 

«... 

• < « 

• • « 



63 

16*2 

10*7 

4*5 

13 

Soda glass rich in 
lime 

... 


... 


... 

37 

8*3 

8*3 

3*6 4 

15 

Glass rich in alkali ♦ 

32 

217 

6-78 



... 

... 


... 

16 

Soda glass rich in 
alkali, containing 
alumina 
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Flint glass 

74 

350 

4-73 

58 

51 

... 
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... 


* • 

To determine rapidly whether a glass can be described as good or 

bad, in regard to its resistant qualities, the hydrochloric acid test intro- 
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duced Dy R. Weber is satisfactory. The sample-' piece to be tested is 
cleansed with water and then’with alcohol and placed on glass rods sup- 
ported on the sides of a dish which contains fumir% hydrochloric acid; 
the dish is covered by a bell-jar, and the sample subjected to the action 
of the vapours for twenty-four hours. When the action is complete the 
condensed acid vapour is allowed to evaporate in a dust-free place. 
With poor qualities of glass a considerable incrustation is formed ; with 
better qualities there is less incrustation, and only a slight film with 
good glass which almost entirely disappears with the best varieties. 

For the examination of imperfectly compounded glass R. Kissling r 
places the glass for several days in contact with standardised, weak 
alcoholic sodium hydroxide solution. A separation of sodium silicate 
soon occurs with bad glass ; the alkalinity of the solution decreases, of 
course, in proportion to its effect, and the extent of the action is 
determined by titrating back the unchanged alkali. 

A qualitative test suitable for testing glass vessels, for their resistance 
against the action of water is given by Mylius . 2 The glass vessels are 
first carefully rinsed out successively with water, alcohol, and ether, and 
then treated, before the ether has evaporated, with a solution of eosine 
made by saturating ordinary ether with water, and dissolving o* I g. of 
iodo-eosine in ioo c.c. of the mixture. The solution is allowed to act 
for twenty-four hours, then poured off, and the vessel rinsed with ether. 
The surface of the glass is covered with a more or less intensely coloured 
layer according to the ease with which it is attacked. 

The quantitative examination of the Resistance of a definite variety 
of glass is most simply carried out by the method employed by R. 
Weber and E. Sauer . 3 The vessels selected for comparison should be 
such that their capacity or internal superficial area can be accurately 
measured or calculated. They are first cleansed by repeated rinsing 
with distilled water and alcohol, carefully dried, and weighed ; then they 
are filled with distilled water so that in each vessel as nearly as possible 
the same amount of surface is wettod, and the height of the liquid 
recorded. The vessels are then heated upon a # sand-bath or asbestos 
card to boiling, care being taken that all the vessels tested are heated 
as uniformly as possible, and that the evaporated liquid is, from time to 
time, replaced. After from three to five hours the boiling is stopped, the 
vessels emptied, dried, and weighed ; the loss of weight is calculated per 
ioo sq. cm. of surface. To test the action at temperatures other than 
that of boiling water the vessels are heated in a paraffin or air bath 
which is carefully kept at the' required temperature. Since distilled 
water stored in glass vessels, and therefore containing alkali, is used in 
this method, no absolutely exact values are obtained, but the compara- 

m 

1 Z. anal Chew, 1898, 37 , 321 ; C/gm. Zeit , 1895, 19 , 1682, 

2 Ber., 1889, 22 , 310 ; Z. anal Chem ., 1891, 30 , 247, 3 Ber 1892, 25 , 70. 
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tive results are of value, and the method has the advantage oi : being 
quick and easily, carried out The resistance to adds and to alkalis can 
be determined in thcTsame way. 

Forster and 3 \ 3 tylius 1 determine the action of water by first treating 
the vessels for three days with perfectly pure so-called “ neutral ” water 
at 20°, for the purpose of removing any accidentally disintegrated 
material ; this solution is then poured off, the vessel treated afresh for 
three days with neutral water at 20°, and the dissolved alkali estimated 
colorimetrically by means of Nj iooo iodo-eosine solution. The quantity 
of alkali found furnishes a measure of the action. The method yields 
very exact results, but the preparation ©f the neutral water and of the 
iodo-eosine solution offers so many difficulties that the application of 
the method is very limited. * 

The method devised by E. Pfeiffer and F. Kohlrausch 2 to determine 
the extent to which glass is attacked by water from the alteration of 
the electrical conductivity, due to the substances dissolved from the 
glass by the water, is too intricate for technical work. 


III. THE ANALYSIS OF GLASS 

The chief constituents of colourless glass and of green bottle glass 
are silica, boric acid, alumina, ferric oxide, calcium, magnesium, potas- 
sium, sodium, manganese and lead oxides; barium, zinc, and antimony 
oxides occur less frequently. Coloured and opaque glass may contain 
in addition phosphoric acid, fluorine, selenium, the oxides of tin, copper, 
cadmium, arsenic, cobalt, nickel, chromium, uranium, and sulphides. 

It is only in exceptional cases that it is possible to know in advance 
what constituents are contained in the glass under examination. Since 
the method adopted for the quantitative analysis of the glass depends 
upon the presence or absence of individual constituents, a previous 
qualitative examination is in mo§t cases necessary. 

Qualitative Examination 

i. Examination for all constituents except Silica , Boric acid, and * 
Fluorine, A somewhat large quantity of the glass, about 5 g., is 
decomposed with pure hydrofluoric acid and some sulphuric acid in the 
manner described below. The residue obtained on evaporation is then 
heated with hydrochloric acid and water ; in the absence of barium or 
of large quantities of lead and zinc oxides a clear solution results which 
is tested according to the usual method of analysis. 

1 Z \ anal . Chem., 1892, 241. 

2 Ann . . Physik 1891, 44, 239, 257 ; Ber ., 1891, 24, 35^0. 

2 S 
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If L residue remains, it may consist of barium;and lead sulphates or 
of meta-stannic acid, 'and if coloured violet or red it may contain also 
gold or selenium. It is filtered off and boiled first- with a concentrated 
solution of ammonium acetate which dissolves the lead sulphate , if a 
residue remains, it is filtered off, boiled with sodium carbdnate solution, 
filtered, and the residue, after washing, treated with hydrochloric acid, 
which dissolves any barium carbonate formed. The solutions are 
tested for lead and barium respectively. The residue which sometimes 
remains is treated with aqua regia if its colour suggests the presence of , 
gold, and after filtering, fused with sodium carbonate and sulphur to 
test for tin ; the fused mass is dissolved in water and hydrochloric, acid 
added, when a precipitate of stannic sulphide is formed if tin is 

present. _ . 

To identify selenium, about 5 g. are heated in a platinum dish with 

hydrofluoric acid upon a water-bath until completely decomposed, and 
the hydrofluoric acid evaporated. The resulting red-coloured residue is 
moistened with concentrated nitric acid, evaporated to dryness, the mass 
treated with a little water, the solution filtered into a small porcelain 
dish and tested for selenium with hydrochloric acid and stannous 
chloride or with hydrochloric acid and sulphurous acid. A brick-red 
coloration or a distinct precipitate of selenium is immediately formed 
if the latter is present. 

If the glass has to be quickly tested for the presence of lead, a sample 
is decomposed with hydrofluoric and nit^c acids, evaporated to 
dryness, dissolved in a little nitric acid ''and largely diluted with water, 
filtering if necessafy ; 'sulphuretted hydrogen is then passed into the 
diluted solution. Another quick method, but which requires practice, 
is to heat a small piece of the glass for from one to two minutes 
in the blowpipe oxidising flame ; lead glass forms a more or less 
blackened iridescent surface. 

2. Silica, Boric acid, and Fluorine. An examination for silica is 
only necessary in exceptional cases, jind is then carried out in the 
usual way. 

For the detection of boric acid, the method worked out and tested by 
E. Adam is to be strongly recommended. About 0-5 to 1 g. of the finely 
^ powdered glass is added to hydrofluoric acid in a platinum crucible, 
stirred with a platinum wire and the whole evaporated to dryness on a 
water-bath. Upon cooling, a few drops of concentrated sulphuric acid 
are added, the whole well stirred, the crucible covered with the lid so as 
to leave a narrow opening, placed upon a triangle and carefully heated 
by means of a Bunsen burner provided with a rose-piece, while at the 
same time a non-luminous Bunsen or spirit lamp flame is so held over 
the crucible that the vapours escaping through the opening must pass 
this flame. If boric acid is present a fnore or less vivid green colora- 
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tion of the flame takes place after the heating has been continued for a 
short time. The reaction is so sensitive that even o*i per cent, of boron 
trioxide can be ^distinctly identified. With a little practice this test 
can be made dufing the decomposition of the glass for qualitative 
analysis. 

For the identification of very small quantities of boric acid in glass 
(up to 0*01 per cent), Rosenbladt’s method as modified by E. Adam 
can be used. About i g. of finely powdered glass is decomposed in a 
platinum crucible with hydrofluoric acid by evaporation upon a water- 
bath, the residue stirred with concentrated sulphuric acid to a thick 
paste and placed in a small test-tube fitted with a double-bored cork 
furnished with two tubes ; one of these is a glass tube which reaches 
nearly to the bottom of the test-tube, and the second a porcelain tube 
similar to that used with a Rose's crucible and ending just beneath the 
cork. A current of hydrogen is passed through the apparatus and 
ignited at the end of the porcelain tube and the contents of the test- 
tube carefully heated ; considerable frothing occurs at first, and 
hydrogen fluoride is evolved which colours the hydrogen flame a pale 
blue ; the flame should be from 2 to 3 cm. long. After from one to two 
minutes, when the frothing has ceased, the tube is more strongly heated, 
and after a time a distinct green coloration of the hydrogen flame is 
observed which is even apparent when the glass contains only o-oi per 
cent, of boron trioxide ; with greater quantities the coloration persists 
for a considerable time. 

To identify fluorine, a sample of the glass is fused with four times 
its weight of sodium-potassium carbonate, the mass treated with 
water, the extract filtered, concentrated by evaporation, and allowed 
to cool ; the solution is then placed in a platinum dish, hydrochloric 
acid added until the liquid reacts weakly acid, and allowed to stand 
until the carbon dioxide has escaped. An excess of ammonia is 
then added, the solution filtered into a flask, calcium chloride solution 
added to the liquid whilst still* hot, and the closed flask allowed to 
stand. If a precipitate is deposited after a time, it is collected upon a 
filter, dried, and after admixture with finely divided silica, placed in a 
small glass flask which is closed with a cork fitted with an inlet and 
outlet tube. A slow current of dry air is passed through the inlet* 
tube which reaches to the bottom of the flask ; the air escapes through the 
outlet tube which ends close beneath the cork, and which is attached to a 
small U-shaped tube in which there is a bulb containing a few drops of 
water. The flask is then heated to about 160 0 , when silicon fluoride 
is evolved which escapes with the air and is decomposed by the 
water with the separation of flakes of silica, which can be easily 
recognised. * ^ * 



644 


GLASS 


* Quantitative Analysis 

Preparation of the Substance for Analysis.-^Glass need not be 
powdered especially fine for complete decomposition* on fusion to be 
effected, as is often erroneously stated to be necessary. The simplest 
plan is to strongly heat and then suddenly chill the sample, crush it 
in a smooth porcelain mortar, then sift it through fine gauze, and finally 
grind it in an agate mortar until no coarse particles remain. 

In cases where an exact determination of iron is of minor import- 
ance, the grinding can be done in a hard-steel diamond mortar. For 
this purpose one-third of the cylinder is filled with the glass previously 
chilled as above or broken into small pieces with a hammer ; the pestle 
is then inserted and struck a good blow, the contents of the mortar 
stirred, again struck with the pestle, and passed through a correspondingly 
fine sieve. The residue is similarly treated, and the sifted powder 
ground in an agate mortar to the required degree of fineness. It is 
impossible by this method to avoid the powdered glass being con- 
taminated with a small quantity of iron, which cannot be removed 
either by mechanical or by chemical means without decomposing the 
glass. 

Decomposition. — Two decompositions generally suffice for the 
analysis. Fusion with sodium carbonate for the estimation of silica 
and the other constituents with the exception of the alkalis and decom- 
position with either hydrofluoric acid or witj^ calcium carbonate and 
ammonium chloride, for the estimation ofthe latter. 

Where the qualitative analysis has shown that certain constituents 
are present in very small quantities, it is quicker and more accurate 
if the fusion with sodium carbonate is used only for the estimation of 
silica, and a third larger quantity (about 5 g.) decomposed with hydro- 
fluoric acid for the estimation of the remaining constituents, in addition 
to the decomposition for the estimation of the alkalis. 

1. Leadless Alkali-lime and Alumina-lime Glass. — At least two 
decompositions are necessary for the analysis. 

Fusion with Sodium Carbonate, From 1 to 5 g? of the powdered glass 
are placed in a capacious platinum crucible, aboutTour times the quantity 
of pure, dry sodium carbonate gradually added, and the whole well mixed 
with a stout platinum wire or with a glass rod with fused ends. The 
particles adhering to the wire or to the glass rod are brushed into the 
crucible, the latter well covered with the lid, placed on either a platinum 
or porcelain triangle, and at first carefully heated, taking care not to let 
the crucible get red-hot. After a short time the heat is increased so 
that portions of the side of the crucible are successively raised to a 
dull red hsat, the heating of the bottom of the crucible being avoided. 
When the outer portions of the contend of the crucible are fused the 



QUANTITATIVE ANALYSIS 


645 


bottom of the crucible is gradually heated until the whole is melted, 
finally heating for a few minutes over the blowpipe flame. The lid of 
the crucible is Jhen removed and a stout piece of platinum wire of 
convenient length* and bent at the end into a loop inserted, and the 
contents allowed to cool. When the mass has so far cooled as to grip 
the loop of platinum wire, the crucible is again heated on the 
blowpipe, and the fused mass withdrawn from the crucible by gently 
pulling. The crucible and lid after cooling are placed in a large 
beaker with too c.c. of hot water, and after a short time, when the 
residue of the melt has become soft, both are removed and any adhering 
matter washed or rubbed off with hot water ; particles which adhere 
stubbornly are dissolved off by means of a few drops of hydrochloric 
acid, and added to the main solution. The fused mass adhering to 
the platinum wire is then suspended in the liquid until it has become 
soft, the wire withdrawn and cleansed similarly to the crucible and lid, 
the beaker covered with a clock-glass, and the solution gradually and 
carefully acidified with hydrochloric acid. It is then heated until no 
more carbon dioxide is evolved, and finally evaporated to dryness in 
a platinum basin upon the water-bath for the separation of the silica. 

If a large platinum basin of at least 200 c.c. capacity is available, 
and the colour of the melt indicates that no large quantity of manganese 
is present, both the solution and the decomposition by hydrochloric 
acid can be conveniently effected in the basin itself; the acid should 
be added by means of a^ipette and the basin kept covered by a clock- 
glass as a protection against spirting and frothing over. This method is 
not applicable in presence of much manganese, s*ince it is contained 
in the melt in the form of sodium manganate; reduction would 
accordingly take place on the addition of hydrochloric acid with the 
evolution of chlorine which would attack the platinum. 

When the contents of the basin have been so far evaporated as to 
become pasty, they are stirred frequently with a platinum wire or glass 
rod to hasten the evaporation,* and also to prevent the formation of 
coarse lumps which 4 r y with difficulty. The evaporation is continued 
until no more fumes’of hydrochloric acid are given off; the residue is 
then heated for some hours in an air-bath from x io° to 120°, so as to dry 
it thoroughly and to effect as complete a separation of the silica* 
as possible. When cold, the mass is moistened uniformly with hydro- 
chloric acid of sp. gr. 1*12, covered with a platinum lid or clock-glass, 
and warmed on the water-bath for half an hour; about 20 c.c. of 
hydrochloric acid and from 100 to 150 c.c. of water are then added, 
the whole well stirred, heated on the water-bath for a short time, and 
the separated silica filtered off. This is best carried out by first pour- 
ing the clear liquid only through the filter, and washing the precipitated 
silica by decantation, with hydrochloric acid and hot water, in the basin 
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before X nnally transferring it to the filter, where it is washed with hot 
water until the washings cease to give a turbidity with silver nitrate 
solution. 

The observations of Linde, 1 Gilbert, 2 and Craig 3 " have shown that 
it is not possible to completely separate the silica with only one 
evaporation, and more recently both Adam and Hillebrand 4 have proved 
that even repeated evaporation with hydrochloric acid and subsequent 
drying is not satisfactory, unless the separated silica is filtered off after 
each evaporation. It is accordingly essential to again evaporate the 
filtrate from the silica, obtained as above, in a similar manner. In 
order to save time, the evaporation of the washings can be dispensed 
with ; they are therefore collected apart from the original filtrate, and 
may be used to dissolve the residue obtained by the second evaporation. 

The residue of silica thus obtained is collected upon a specially 
small filter, washed, and thoroughly dried; the main portion of the 
precipitate is also dried thoroughly. The small quantity of silica, 
together with the filter paper, is then placed in a weighed platinum 
crucible, and at first very carefully heated, then more strongly, until the 
filter ash is completely burnt ; the chief portion of the silica, together 
with the filter, is then added, in like manner carefully heated, and finally 
ignited over the blowpipe until the weight is constant. The crucible is 
allowed to cool in a desiccator, and weighed as soon as possible, since the 
silica is very hygroscopic. In exact analyses, the purity of the 
weighed silica is checked by evaporating withrpure hydrofluoric acid ; 
should the residue be significant it must' be dissolved in hydrochloric 
acid, or fused with acid potassium sulphate and examined. 

The filtrate from the silica is first warmed with a few drops of 
concentrated nitric acid, in order to oxidise the ferrous iron, and in 
absence of weighable quantities of manganese salts, ammonium chloride, 
and ammonia free from carbon dioxide, are added in slight excess, and 
the solution boiled for a short time, whereby ferric oxide and alumina 
are precipitated. The presence of ■any considerable quantity of 
manganese is shown by the dark green colour _ of the melt and of 
the aqueous solution. The precipitate is filtered off, washed, and 
whilst still moist, placed in a weighed platinum crucible, in which it is 
"ignited and weighed. The calcium is precipitated in the filtrate by 
means of ammonia and ammonium oxalate, the solution boiled for a 
short time, the precipitated calcium oxalate allowed to stand for six to 
eight hours, filtered, and weighed as calcium oxide. For the separation 
of calcium and magnesium, cf. p. 405. 

Finally the magnesium is separated in the filtrate from the calcium 

1 Chem. News, 1889, 60, 14, 33, and 41. 

2 Jechnol. Quarterly , 3, 61 ; Z. anal. Cherny, 1889, 29, 688. 

3 Chem . News , 1889, 6o, 227. 4 J. Amer. Chem. Soc., 1902, 24, 362. 
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by means of ammonia and sodium phosphate, and after standing twenty- 
four hours, the resulting precipitate of magnesiita ammonium phos- 
phate, filtered, washed with dilute ammonia, dried, ignited until the 
weight is constant; and weighed as magnesium pyrophosphate. 

Should the quantity of ferric oxide be so great, as is the case with 
green or brown bottle glass, that its separation from alumina is 
necessary, the iron-alumina precipitate is fused with acid potassium 
sulphate, the melt dissolved in water, and the iron determined with 
permanganate after reduction with zinc (cf. p. 380). The alumina is 
taken by difference. 

If small quantities of antimony oxide, ferric oxide, or of manganous 
oxide are to be determined, they, or the total bases, with the 
exception of the alkalis, are estimated in a separate portion of about 
S g* by decomposition with hydrofluoric and sulphuric acids. If only 
ferric oxide has to be determined, the resulting sulphuric acid solution 
is reduced by zinc, and titrated with permanganate solution. Should 
the other oxides have to be estimated, then the excess of sulphuric 
acid employed in the decomposition is removed by evaporation, the 
residue dissolved in dilute hydrochloric acid, and the antimony 
precipitated by sulphuretted hydrogen. The excess of the latter is 
then removed from the filtrate by boiling, the solution oxidised with 
nitric acid, neutralised with sodium carbonate, and the alumina and 
ferric oxide precipitated by means of sodium acetate. The manganese 
is then separated in the^filtrate by the addition of bromine, and the 
calcium and magnesium estimated as usual. 

The separation of manganous oxide from alumina and ferric oxide 
can also be effected by adding a relatively large quantity of ammonium 
chloride solution to the solution oxidised by nitric acid, and pre- 
cipitating the alumina and ferric oxide with ammonia, dissolving the 
filtered precipitate in hydrochloric acid, and reprecipitating in a similar 
manner; the manganese in the united and concentrated filtrates is 
then separated from the calcium and magnesium by means of 
ammonium sulphide. ^ 

Decomposition with+Hy dr 0 fluoric Acid. From 1 to 2 g. of the powdered 
sample moistened with a little water are placed in a large platinum 
basin, perfectly pure hydrofluoric acid carefully added, and the whole* 
well mixed by a thick, bent platinum wire ; a considerable evolution of 
heat occurs. The basin is covered with a shallow, dome-shaped platinum 
cover, heated for a few hours on the water-bath, or allowed to stand 
overnight, and after the decomposition is complete, the contents 
evaporated to dryness on the water-bath. The resulting fluorides are 
stirred to a thin paste with a little water and dilute sulphuric acid 
(1 : 1), evaporated first on the water-bath and then on an asbestos card 
over a rose-Bunsen burner ; the temperature is gradually raised so as to 
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drive off the sulphuric acid. The dish should be kept covered with a 
platinum cover until rdense fumes of sulphuric acid escape, in order to 
prevent loss by spirting, which may occur during ^he decomposition of 
the fluorides with sulphuric acid, in consequence of the escaping fumes 
of hydrofluoric acid and of silicon fluoride carrying away particles of the 
substance. The heating of the dish is then discontinued, and the 
cover heated by the flame from above until no more fumes are evolved, 
when it is taken off and the contents of the dish strongly heated, so that 
the bottom of the basin is brought to a dull red heat. After cooling, 
the sulphates are moistened with concentrated hydrochloric acid, hot 
water added, the dish again covered with the lid and heated until com- 
plete solution is effected. Hot barium chloride solution is then added 
to the boiling, dilute solution so long as precipitation occurs, in order to 
remove the sulphuric acid, and, without previous filtering, ammonia 
and carbonate of ammonium are added in slight excess for the removal 
of the ferric oxide, alumina, calcium, and the excess of barium chloride. 
When the resulting precipitate has settled a few drops of ammonia and 
of ammonium carbonate are added to ensure complete precipitation, the 
precipitate filtered off and washed, the filtrate evaporated to dryness on 
the water-bath, and the residue carefully heated without allowing the 
basin to become red hot, so as to remove ammonium salts. The 
residue is then dissolved in water, the solution boiled with a little 
pure calcium hydroxide to remove any small quantity of magnesium 
present, and the calcium and any small rescue of barium separated 
from the filtered solution by the addition of ammonia, ammonium 
carbonate, and a trace oT ammonium oxalate. The filtrate is evaporated 
to dryness in a weighed platinum basin, the residual chlorides carefully 
heated to ensure the complete removal of ammonium salts, then gently 
ignited and weighed, after allowing to cool in the desiccator. 

For the separation of potassium from sodium the chlorides are dis- 
solved in a little water and the potassium precipitated as potassium 
platinichloride in the usual way, by ^ie addition of platinic chloride 
(cf p. 520). The filtered precipitate of potassium platinichloride can 
either be reduced to platinum by ignition in a current of hydrogen and 
weighed as such, or it can be dried upon the filter paper, washed with 
*>hot water into a weighed platinum basin, evaporated to dryness, dried 
in an air-bath at 1 30°, and weighed. The weight of potassium chloride 
thus found is deducted from the weight of the total chlorides, and the 
weight of sodium chloride present obtained by difference. 

A somewhat less accurate but very rapid method for the estimation 
of potassium and sodium is to add to the aqueous solution of the alkali 
chlorides a little nitric acid and 5 c.c. of a saturated solution of iron 
alum, andcto determine the total chlorine volumetrically by Volhard’s 
method (p. 123) with silver nitrate and ammonium thiocyanate solutions ; 
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the proportions of potassium chloride and of sodium chloride are then 
calculated indirectly. * 

M. Muller 1 and # Appert and Henrivaux 2 give the following rapid 
method for the estimation of the alkalis in glass. One gram of finely 
powdered glass is evaporated twice with eight times its weight of 
ammonium fluoride, and then heated to a dull red heat ; when cold a 
few drops of concentrated sulphuric acid are added, the product care- 
fully evaporated and ignited to decompose the acid salts. The sul- 
phates are taken up with water, 2 g. of pure, powdered barium hydroxide 
added without filtering, and the whole allowed to settle for half an hour, 
when the precipitate of barium sulphate, aluminum hydroxide, and 
ferric hydroxide is filtered off. The excess of barium, together with 
the calcium and magnesium, are precipitated in the filtrate by pass- 
ing in carbon dioxide, then boiling for ten minutes, and filtering ; the 
filtered solution is acidified with hydrochloric acid, evaporated to dry- 
ness, the residue dissolved in water, ammonium carbonate added to 
remove the last traces of barium, calcium, and magnesium, and the 
filtrate, which contains the alkali chlorides, evaporated, gently ignited, 
and weighed. 

Decomposition with Calcium Carbonate and Ammonium Chloride. 
This method, which is due to J. Lawrence Smith, 3 can also be used for the 
estimation of the alkalis in glass, and is preferable to the decomposition 
with hydrofluoric acid if boric acid or magnesia are present, as these 
substances remain behind with the insoluble salts after the fused mass 
is lixiviated with water (W. Thomason). 

From 0-5 to 1 g. of the powdered sample rs heated in a platinum 
crucible with a mixture of 1 g. of sublimed ammonium chloride and 
8 g. of pure calcium carbonate, at first quite gently until no more 
ammonia is evolved, and then to a dull red heat for fifty to sixty 
minutes. The fused mass, after cooling, is lixiviated with water in a 
platinum dish, the solution filtered, the residue thoroughly washed, and 
the filtrate, which contains the* alkali chlorides, calcium chloride, and 
ammonium salts, treated with ammonia and ammonium carbonate. The 
precipitated calcium carbonate is dissolved and reprecipitated so as to 
completely remove any small quantity of alkali that may be retained, 
and the united filtrates evaporated to dryness. The ammonium salts are® 
then removed by gentle ignition, the residue dissolved in a little water, 
and the last traces of calcium precipitated by means of ammonia and 
ammonium oxalate. The filtrate from the calcium precipitate is again 
evaporated to dryness, gently ignited, the residue carefully moistened 
with hydrochloric add to convert any carbonate present into chloride, 
the evaporation and ignition repeated, and the resulting chlorides 

1 Post, Chemisch technische Analyse , 18^0, vol. ii., p. IOO. 2 Verre et Verrerte^ 1894, 65. 

3 Amer.J. Soc ., 1871, 50, 269 ; cf. Treadwell, Analytical Chemistry , vol. ii., p. 394- 
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weighed. The separation of the sodium and potassium can then be 
effected in the residue as described above. 

Appert and Henrivaux, Knapp 1 and E. Adam, have shown that 
sodium sulphate is present in many kinds of glass*, especially when 
sulphate is employed as a flux in their manufacture. To estimate it, 
from i to 2 g. of glass are fused with sodium carbonate free from 
sulphate, and after the removal of the silica the sulphuric acid deter- 
mined in the filtrate by precipitation with barium chloride. 

2. Lead Glass. — The method of analysis of lead glass depends upon 
whether it is semi-crystal glass which contains calcium, or flint glass 
which is free from calcium. 

Semi-Crystal Glass . Two decompositions are necessary for the 
analysis of lead glass containing calcium ; one with hydrofluoric and 
sulphuric acids for the estimation of the alkalis, and the other with 
sodium carbonate for the estimation of the other bases and silica. 

The hydrofluoric acid decomposition is carried out as previously 
described. The residue, after the removal of the sulphuric acid, is 
heated with hydrochloric acid and water, the undissolved portion of the 
lead sulphate filtered off, and the filtrate proceeded with exactly as with 
lead-free glass. To prove whether the decomposition with hydrofluoric 
and sulphuric acids has been complete, it is advisable to warm the 
residue of lead sulphate with ammonium acetate solution, when a clear 
solution should result. 

The fusion with sodium carbonate does not^differ from the method 
adopted with lead-free glass ; there is no danger of the platinum crucible 
being attacked even "with glass very rich in lead unless reduction, which 
can only be caused by great carelessness, takes place during the fusion. 
The addition of potassium nitrate so often recommended is, according 
to the experience of E. Adam, quite superfluous ; it causes a trouble- 
some frothing of the crucible contents during the fusion and makes the 
decomposition of the melt with hydrochloric acid in platinum vessels 
impossible. The heating of the mixture with the blowpipe flame is in 
most cases dispensed with, since lead glass fuses more readily and is 
therefore more easily decomposed than leadless glass. The fused mass 
after it has been softened with water is decomposed either with nitric 
u,cid or with hydrochloric acid and the silica separated by evaporation. 
The use of nitric acid is advantageous in so far as it avoids the forma- 
tion of difficultly soluble lead chloride, and the lead sulphide precipitated 
by sulphuretted hydrogen in the filtrate can be directly ignited in a 
current of hydrogen and weighed, but if it is used in too large. a 
quantity it prevents the complete precipitation of the lead sulphide. 
From the latter consideration E. Adam regards it as preferable to use 
hydrochloric acid, due precaution being Jaken for the complete separa- 

1 Spree hsaal, 1895 , 4 $ 6 . 
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tion of the silica from, the precipitated, difficultly soluble lead cnloride 
by filtering the solution as hot as possible and washing the silica several 
times with hot water, both by decantation and on the filter. By this 
means it is easy to completely remove the lead chloride without using 
large quantities of liquid. It is necessary to evaporate and separate 
the silica twice, as in the case of lead-free glass ( cf. p. 646). 

The lead is precipitated as lead sulphide by sulphuretted hydrogen 
in the filtrate from the silica, which must not contain too much free acid ; 
should any lead chloride in the form of needles be deposited on the 
bottom of the beaker before the treatment with sulphuretted hydrogen, 
the liquid is warmed and stirred until, the lead chloride is dissolved, 
cooled quickly to the ordinary temperature by placing in cold water, 
and sulphuretted hydrogen passed in before a fresh separation of the 
chloride can occur. 

The lead sulphide is filtered off and well washed, and if it has been 
precipitated from nitric acid solution it can, after previous ignition in a 
current of hydrogen, be directly weighed as such; it is preferable, 
however, to dissolve it in nitric acid and convert it into lead sulphate. 
This latter method is adopted with the precipitate obtained in 
hydrochloric acid solution, and which contains lead chloride. For this 
purpose the moist lead sulphide is washed from the filter paper into a 
beaker, nitric acid of sp. gr. 1*2 added, and gently heated until the 
lead sulphide is dissolved and only particles of sulphur float in the 
solution ; it is then filtered into a porcelain basin, sulphuric acid added 
to the filtrate, evaporated until the sulphuric acid begins to give off 
fumes, the residue diluted with water and the lead sulphate filtered off, 
washed, and dried. The filter paper on which the original precipitate of 
lead sulphide is collected and to which some still adheres, is first 
ignited in a porcelain crucible, and the residue evaporated with nitric 
acid and a few drops of sulphuric acid ; the lead sulphate is then added, 
ignited, and the whole weighed. 

The separation and estimation of the remaining bases in the filtrate 
from the lead sulphide is effected by heating the solution to remove the 
dissolved sulphuretted Jiydrogen and then proceeding according to the 
method given above for lead-free glass. 

Flint Glass . The analysis of flint glass can be conducted similarly*" 
to that of semi-crystal glass, but the following method is quicker. A 
fusion with sodium carbonate for the estimation of silica is necessary, 
and a decomposition with hydrofluoric acid and sulphuric acid for 
the estimation of the alkalis ; in addition a third portion is decomposed 
with hydrofluoric acid and nitric acid for the estimation of lead oxide, 
alumina, ferric oxide, manganese oxide, and of the somewhat small 
quantities of calcium and magnesium which are present. Ths two first 
decompositions are carried out as described for semi-crystal glass. For 
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the third decomposition, hydrofluoric acid is added to from i to 2 g. 
of the powdered sample in a platinum basin, and after digesting for 
some time evaporated to dryness on the water-batF; concentrated nitric 
acid is then poured on the residue, the whole again evaporated to 
dryness and taken up with nitric acid and hot water, when a clear 
solution should result Excess of sulphuric acid is added to separate 
the lead, the solution evaporated to half its volume, diluted with water, 
the lead sulphate filtered off, washed first with water containing 
sulphuric acid and then with alcohol, ignited, and weighed. The 
remaining bases with the exception of the alkalis are estimated in the 
usual way in the filtrate, which is, of course, kept apart from the alcohol 
washings. With experience, the use of nitric acid in the decomposition 
can be avoided, a greater proportion of sulphuric acid being employed 
in its place; if this is done the sulphuric acid must not be entirely 
driven off, and special care must be taken to see that the decomposition 
is complete. 

The separate decomposition for the estimation of the alkalis can be 
omitted if no magnesium is contained in the glass, because they can 
then be determined with the remaining bases ; in this case the excess 
of sulphuric acid must be removed by evaporation after the separation 
of the lead, before proceeding to estimate the remaining constituents. 

3. Glass containing Boric Acid. — The boric acid present in glass 
is generally determined by difference, on account of the somewhat 
lengthy character of the direct methods of«*estimation. Honig and 
Spitz 1 estimate the boric acid in silicates by the following volumetric 
method. The finely powdered substance is decomposed by fusion with 
potassium-sodium carbonate, the melt extracted with water, an am- 
monium salt added in at least equivalent quantity to the alkali carbonate 
employed, and the solution boiled for some time ; an ammoniacal 
solution of zinc oxide is then added to precipitate the last traces of 
silica, the solution heated until all the ammonia is removed, filtered, and 
the insoluble residue washed. The filtrate is evaporated to as small a 
volume as possible, rinsed into a flask, and after the addition of methyl 
orange, boiled for ten to fifteen minutes with $ slight excess of Nj 2 
hydrochloric acid, using a reflux condenser. When cold, the condenser 
is-tube is rinsed with water into the flask, methyl orange again added, and 
the excess of hydrochloric acid neutralised with alkali. The boric acid 
is then estimated in the neutralised solution as described on p, 624. 
For the gravimetric estimation of boric acid a weighed sample of 
glass is fused with four times its weight of pure potassium carbonate, 
the mass dissolved by hot water (if the solution is coloured green by 
potassium manganate, alcohol is added), filtered, and the residue 
washed wkh hot water. The filtrate, which contains silicate* borate, and 

1 Z . anal. Chem.y 1 903, 42, 100. 
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carbonate of potassium as well as potassium aluminate, is nearly 
neutralised by hydrochloric acid, the silica and alumina separated by 
ammonia and ammoniacal zinc oxide, according to the method given 
below for glass containing fluorine, and the boric acid in the filtrate 
saturated with hydrofluoric acid and estimated as potassium boro- 
fluoride. 

An alternative gravimetric method is to evaporate the aqueous 
extract from the fusion with sodium carbonate to a small volume, 
acidify it with acetic acid, and determine the contained boric acid by the 
Rosenbladt-Gooch method , 1 in which it is liberated as trimethyl borate 
by heating with methyl alcohol and acetic acid ; the trimethyl borate is 
then decomposed by passing it over a weighed quantity of calcium 
oxide in presence of water, and the increase of weight, which is due to 
the liberated boric acid, determined. 

In the analysis of glass containing boric acid it is advantageous to 
make three distinct decompositions, since its presence complicates the 
separation of many metallic oxides. A fusion with sodium carbonate 
is used for the estimation of silica and of the metals precipitated by 
sulphuretted hydrogen ; a decomposition with hydrofluoric and sul- 
phuric acids or with calcium carbonate and ammonium chloride, for 
the determination of the alkalis, and the third decomposition with 
the same acids for the estimation of the remaining oxides, since the 
boric acid is liberated as boron fluoride in the reaction. After the 
fusion with sodium carbonate, it is first necessary to remove the 
boric acid, which can be completely effected by the method of Jannasch , 2 
in which the dry residue in the separation of tlie ^silica is evaporated 
three or four times with methyl alcohol previously saturated with 
hydrochloric acid gas. A separate decomposition for the estimation of 
the alkalis is unnecessary in the absence of magnesium, as these can 
then be determined in the hydrofluoric acid decomposition solution 
along with the other oxides. 

4, Glass containing Fluorine. —The estimation of the alkalis is 
carried out as usual by decomposition with hydrofluoric and sulphuric 
acids. The determination of the other bases, of fluorine and of silica, is 
complicated by the fact that a volatilisation of silicon fluoride would 
occur in the evaporation with hydrochloric acid for the separation of* 
the silica. The following method of analysis is therefore adopted . 3 

A sample of the finely powdered glass is fused for a long time with 
potassium carbonate ; if the glass is rich in fluorine, two and a half times 
its weight, accurately weighed, of pure ignited silica is also added. The 

1 Z. anal Chem. } 1887, 26, 1 8 , 364; Treadwell, Analytical Chemistry , vol. ii., p. 337; 
cf> also, Manning and Lang,y Soc. Chenu Ind 1906, 25, 397. 

2 Z. anorg. Ckem, y 1896, 12, 208 ; Z. anql Ckem., 1897, 36, 283. 

3 Cf, Fresenius, Quantitative Analysis , 7th edition, vol. L, p. 496. 
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melt is boiled with water in a platinum vessel, filtered from the residue 
the silica and alumina separated from the solution by boiling for some 
time with ammonium carbonate, filtered off, and tfie last traces of silica 
removed from the filtrate by means of ammoniacai'zinc oxide- this 
portion of the silica is filtered separately. For the estimation of the 
fluorine, hydrochloric acid is added to the solution, which contains all 
the fluorine as potassium fluoride together with potassium carbonate in 
sufficient quantity to leave one-third of the potassium carbonate unde- 
composed; calcium chloride solution is then added, when a precipitate" 
consisting of calcium carbonate and calcium fluoride is produced which 
is filtered, washed, gently ignited, treated with dilute acetic acid to 
remove the calcium carbonate, the mixture evaporated to dryness the 
residue treated with water, filtered, and after washing, dried, ignited 
and weighed. The quantity of fluorine present is obtained from the 
weight of calcium fluoride found. " 

For the estimation of the silica and the metallic oxides, first the 
precipitate obtained with the ammoniacal zinc oxide is dissolved in 
nitric acid, evaporated to dryness, and the silica separated from the 
residue, washed, ignited, and weighed. The residue left from the original 
extraction of the melt, together with the precipitate obtained by * 
ammonium carbonate (after drying and removal from the filter paper 
which is incinerated and gently ignited), are then dissolved too-ether 
with the ash in hydrochloric acid, the silica separated from the 
solution and the weight added to that^ previously determined ; the 
metallic oxides present are then estimated in the filtrate. A more 
rapid method for the determination of the metallic oxides is to • 
decompose a portion of the glass with hydrofluoric and sulphuric acids 
and to estimate the bases in the resulting solution. 

5- Glass containing Phosphoric Acid.-The presence of phosphoric 
acid m a glass such as opal glass necessitates an alteration in the usual 
course of analysis, since not only has the estimation of phosphoric acid 
to be considered, but also the removal pf the phosphoric acid from the 
respective solutions, before the estimation of the alkalis and metallic 
oxides present can be carried out. 


The phosphoric acid is estimated by decomposing a sample by 
means of hydrofluoric and sulphuric acids. The temperature employed 
for this decomposition must be regulated so as not to drive off any of 
the sulphuric acid, but only to remove all the fluorine as silicon fluoride 
.and as hydrofluoric acid ; otherwise phosphoric acid may be lost by 
volatilisation. The residue is dissolved in nitric acid, diluted and 

XMa«rl.h:d PhOSP1 ' 0 " C ““ ” th ' filMe 


For the estimation of the alkalis a portion is decomposed 
fluoric and sulphuric acids, and after dissolving the residue in 
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acid, ferric chloride and ammonium acetate solutions are added and the 
whole boiled to remove the phosphoric acid as basic ferric phosphate 
After filtering off the*precipitate the filtrate is treated in the usual way 
for the separation. of the alkalis from the metallic oxides and for the 
removal of the sulphuric acid. 

The silica is separated from the portion fused with sodium carbonate 
by decomposition and evaporation with nitric acid. In case lead oxide 
or any other metallic oxide precipitated by sulphuretted hydrogen 
is present in the filtrate, these must be previously removed and the 
phosphoric acid separated either by acetate and carbonate of lead or by 
nitrate and carbonate of silver according to the usual methods. After 
the filtration of the precipitate the excess of the precipitants is removed 
by sulphuretted hydrogen or hydrochloric acid respectively. The result- 
ing solution, free from phosphoric acid, is then further treated as described 
. The precipitated silica always retains a small quantity of phosphoric 
acid, almost the whole of which can be removed by treating the filtered 
and washed precipitate with aqueous ammonia; a little silica is 
however dissolved by this treatment, which is separated by adding a 
little nitric acid to the ammoniacal solution, evaporating to dryness, 
dissolving the residue in water with a little nitric acid and filtering off 
the separated silica, which is added to the main portion. " & 

6. Coloured Glass.— The great variation in the chemical composition 
of different kinds of coloured glass necessitates differences in the 
methods of analysis adopted.^ The nature and number of decomposi- 
tions necessary and the general course of analysis depend partly on 
the colouring substances present but chiefly on the nature of the glass 
whether lead-free or lead glass, borate or phosphate glass, etc. ; accord- 
ingly the most suitable method described above under these headings is 
selected. ° 

The decomposition of coloured glass by fusion with sodium 
carbonate can be undertaken without any risk in a platinum crucible 
even if the glass contains easily reducible metallic oxides such as tin, 
antimony, or lead oxides, because by using an oxidising flame there 
is no likelihood of any reduction taking place. In the decomposition 
with hydrofluoric and sulphuric acids in the presence of tin and lead 
oxides a clear solution does not result on dissolving the evaporated' 
residue either in hydrochloric or in nitric acid ; if metallic compounds 
precipitated by sulphuretted hydrogen are present they must be 
removed from the solution for the estimation of the alkalis by passing 
in sulphuretted hydrogen before the further treatment of the liquid is 
proceeded with. This must always be done when the metallic oxides 
are hot removed from the solution by the subsequent precipitant 
(ammonium carbonate and calcium hydroxide ) ; in some case's this may 
involve a precipitation with ammonium sulphide. 
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The separation of the silica is carried out in the usual way. 
Whether hydrochloric or nitric acid is used for this purpose depends 
upon the nature of the metallic oxides present ; in the presence of tin 
or antimony oxide nitric acid is not applicable, because meta-stannic 
acid and antimonic acid would be formed, which would remain mixed 
with the silica. The separation and estimation of the metallic oxides 
in the filtrate follows the ordinary analytical course and usually offers 
no difficulties. To estimate very small quantities of colouring agents 
such as gold in ruby glass, a separate decomposition with hydrofluoric 
acid of at least 5 g. of substance is made. 

In glass containing antimony it is difficult to completely separate 
antimony oxide from the silica even by repeated boiling with hydro- 
chloric acid containing tartaric acid. The following somewhat 
complicated method has been found satisfactory, as the result of a 
series of experiments. 

A sample of the finely powdered glass is fused with from four to five 
times its weight of sodium carbonate, the melt softened with hot water 
either in a beaker or porcelain basin, and after decomposition with 
hydrochloric acid evaporated to dryness on the water-bath. Hydro- 
chloric acid and water are then added, the vessel covered with a clock- 
glass, heated for thirty minutes on the water-bath, and the silica filtered 
off; the filtrate is again evaporated to dryness to separate the last 
traces of silica, which are collected with the main portion and washed. 
The still moist and impure silica is next washed from the filter paper 
into a platinum basin and the residue adhering to the paper removed 
by washing with hot sodium carbonate solution and finally with hot 
water; an 8 per cent solution of sodium carbonate is then added 
in such quantity that about 18 to 20 c.c. are present for each 
o-i g. of silica. The solution is boiled until the silica is completely dis- 
solved, and whilst covered with a clock-glass acidified with hydrochloric 
acid, added by means of a pipette ; heating is continued until no more 
carbon dioxide is evolved and the silicajthen separated by two successive 
evaporations when it is obtained quite pure. The antimony oxide and 
any lead oxide previously admixed with the "silica are present in 
the filtrate as chlorides, from which they can be separated by means 
**of sulphuretted hydrogen. 

7. Glass Enamels, Metallic Enamels and Enamel Colours.— Glass 
in the broader sense includes the various enamels used for the protec- 
tion or decoration of metals, and for the ornamentation of glass vessels, 
and also the enamel colours employed for the decoration of glass and 
earthenware. The great diversity in the chemical composition of these 
materials renders it impossible to give detailed methods for their 
examination ; the following observations and the qualitative examina- 
tion indicate the course to be adopted. " 
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Gold, silver, and copper enamels, which come into commerce in the 
form of flat discs, are more or less easily fusible, lead-flint glass of 
various colours, mosfly containing boric acid. Opaque enamels are 
usually coloured* .by means of arsenious or tin oxide. They are 
examined by the methods used for coloured glass and for borate and 
flint glass respectively. 

Iron enamels are generally lead-free, but contain boric acid and 
often fluorine. The coating of enamel fused upon sheet iron or cast 
iron goods almost always consists of two layers ; the lower is a blue- 
grey ground-enamel and the upper a white opal enamel coloured by 
oxide of tin or a true coloured enamel. The latter must always be 
separated for the quantitative examination and are analysed by the 
methods for glass containing boric acid and fluorine. 

To determine whether the enamel of a cooking utensil contains lead, 
a small piece of filter paper moistened with hydrofluoric acid is placed 
upon the enamel and allowed to remain for some minutes ; the paper, 
together with any pasty mass adhering to the enamel, is then washed 
off into a small platinum basin, diluted with water, and tested for lead 
by means of sulphuretted hydrogen. 

Opaque or transparent glass enamels for the decoration of glass 
articles, which are applied in a thick, pasty coating and then burnt in, 
usually come into commerce in the form of powders, less frequently in 
pieces. They consist of varieties of glass rich in lead, and sometimes 
contain boric acid ; they ^nelt very easily, and in the state of powder 
are completely decomposed by dilute hydrochloric or nitric acid, which 
considerably simplifies their examination. 

Enamel colours, also called glass or porcelain colours, used for the 
decoration of glass and earthenware and which, in contrast to enamels, are 
applied only in comparatively thin coatings, usually consist of a fire- 
proof colouring material intimately mixed with an easily fusible glass 
and the so-called flux. Since the flux, which is rich in lead or boric 
acid, is always decomposable by # acids, whilst the colouring material is 
mostly unaffected, the examination of enamel colours is considerably 
simplified. A fusion \tfith sodium carbonate is unnecessary, and should 
also be avoided on account of any injurious effect on the platinum 
crucible. 
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By Carl Schoch, Ph.D., Royal Technical High School, Berlin. English 
translation revised by Walter F. Reid. 

The raw materials of the calcareous cement industry are compounds of 
calcium, which occur in nature mainly as calcium carbonate in the form 
of limestone, chalk, etc., and as calcium sulphate in the form of gypsum. 
Next in importance to these main ingredients come magnesium carbonate, 
in the form of dolomitic limestone, and the various puzzuolanas. The 
latter, which may be either natural or artificial, are not in themselves 
capable of forming cements, but render burnt and slaked lime 
hydraulic when mixed with it. 

Artificial cements of the class of Portland cement are prepared by 
incorporating two or more materials ; clay is a further raw material 
used in this branch of the industry. 

I. LIME ' 

r c 

A . LIMESTONE 

Limestones adapt themselves, according to the amount of clay they 
contain, to the production of: — Quicklime, hydraulic lime, and Roman 
cement ; this last lacks the property of being slaked by water, and has 
to be comminuted by grinding by machinery. 

Apart from admixtures derived from clay, such as silica, alumina, 
and ferric oxide, almost all limestones contain as minor constituents, 
magnesium usually as magnesium carbonate, organic matter (bitumen 
and carbon), and moisture. Pyrites and alkalis also occur, and more 
^rarely phosphoric acid and manganous oxide. 

As a rule, these substances are only present in minute amounts or 
traces. There are, however, some limestones which contain several per 
cent, of pyrites, and others with almost 2 per cent, of carbon ; a limestone 
from Saxony (Berggiesshubel) and another from Venezuela, both 
examined by Schoch, contained from i to 2 per cent, of anthracite. 
Magnesium carbonate may be present in even greater quantity; it 
tends to rSise the hardness and specific^gravity of dolomitic°limestone. 
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i. Preliminary Tests * 

Gas-volumetrifc -determination of the Calcium Carbonate, — This is 
carried out volumetrically by decomposing the finely powdered lime- 
stone with hydrochloric acid in a closed vessel and collecting the evolved 
carbon dioxide in a measuring tube. In this operation small amounts of 
magnesium carbonate of course escape detection, but amounts greater 
than 4 to 5 per cent, and upwards are easily recognised. On decomposi- 
tion by hydrochloric acid magnesium carbonate evolves its carbon 
dioxide far more slowly than calcium carbonate ; hence if, after the 
first evolution, as read off on the measuring tube, a gradual further 
increase of volume be noted, the presence of over 3 per cent, of 
magnesia is indicated with certainty. The 
apparatus used for the decomposition is known 
as the calcimeter. 

The following three forms of calcimeter 
are the most suitable and efficient : — 

1. The Lunge and Marchlewski apparatus 
and the simplified modification of Lunge and 
Rittener, neither of which require the use of 
tables. They have been already described on 
pp. 149 and 153 respectively. 

2. The Scheibler-Dietridi apparatus. 

3. The Baur-Cramer apparatus, as modified 
by Schoch. 

The two latter calcimeters are constructed 
and manipulated as follows : — 

The Scheibler-Dietrich apparatus (Fig. 149) 
consists of two tubes connected by means of 
thick-walled rubber tubing. The tube a is 
graduated from o to 200 c.c., and js held fixed 
by two clamps ; the other tube, b, slides up and 
down upon an upright and serves as a levelling 
tube. A 1 per cent, solution of boric acid in previously boiled water is 
used as the confining liquid. The measuring tube is contracted at the 
upper end and is provided with a three-way stopcock, d , through which 
connection can be made either to the air, or through c to the generating 
vessel. 

Since the graduation of the tube a extends to 200 c.c., twice the 
quantity of substance indicated in the subjoined table should be 
weighed out, and the resultant reading divided by two. 

The apparatus is tested before^ use by lowering the levelling tube b> 
when the liquid should remain at a constant level. 
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To carry out a determination the barometer and thermometer are 
read, and the amount of substance to be weighed out then found by 
referring to the subjoined table; for instance, at 12° and 765 mm. 
pressure 2 x *4250 = *8500 g. is weighed out. The powdered substance is 
introduced into the generating vessel, together with a small tube con- 
taining 5 c.c. of hydrochloric acid of sp. gr. 1*124. The vessel is closed by 
the rubber stopper, the liquid in a set to zero, and connection established 
between the generating flask and the measuring tube by means of the 
stopcock d. By tilting the generating flask the acid is then brought into 
contact with the limestone, and as the liquid in a is forced down, 
equilibrium is established by lowering the levelling tube b. When the 

evolution of gas has ceased, the appar- 
atus is allowed to cool for three minutes, 
the levels adjusted, and the meniscus 
in a read off. Half the figure thus 
obtained represents the percentage of 
calcium carbonate. 

It is to be noted that a small portion 
of the carbon dioxide is retained in 
solution in the generating flask. This 
absorption factor can only be deter- 
mined by direct experiment with a 
given apparatus, and must always be 
added to tte volume of gas read off 
The Baur-Cramer apparatus (Fig. 
1 50) has undergone numerous modifi- 
cations. Its original form was much 
improved by Cramer, who adopted 
petroleum as the confining liquid. 
Experiments by Schoch have, however, 
shown that petroleum also absorbs 
carbon dioxide, and that a solution 
of boric acid slightly tinged with litmus is preferable. The original 
form of generating vessel was also found bp be inconvenient and 
difficult to clean, and the apparatus was therefore assimilated some- 
what to the Scheibler-Dietrich form, The only difference being that 
instead of two tubes standing side by side, the measuring tube is con- 
tained within the levelling tube ; this is the only surviving feature of the 
original Baur apparatus. The measuring tube is graduated from o to 
100 c.c., or, for special use with cement, from 50 to 100 c.c. Instead of 
using a levelling tube, equilibrium is established by opening a stop- 
cock at the bottom of the outer tube and letting out water until the 
levels in *the two tubes coincide, otherwise the manipulation is similar to 
that of the Scheibler-Dietrich apparatus. 



Fig. 150. 


f 



Table of the Weight of Substance to be Weighed out, 

when i c.c. of carbon dioxide represents I per cent, of calcium carbonate, for barometric pressures of 
from 720 to 770 mm. and for temperatures from io° to 25 0 C. 
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Volumetric determination of the Calcium Oxide or Carbonate. — 

The calcium oxide or*carbonate in a limestone can also be determined 
by titration. Foj this purpose i g. of the powdered substance is weighed 
into a flask, covered with a little water, and decomposed by the gradual 
addition of 25 c.c. of normal hydrochloric acid (cf. p. 86), cochineal being 
used as indicator. The liquid is then boiled to drive off carbon dioxide 
and after cooling titrated back with NJ 2 ammonia or with normal sodium 
hydroxide solution ; if methyl orange is used as indicator, the solution 
need not be boiled. The number of c.c. of normal acid required are 
simply multiplied by 5 or by 2-8 to give the percentage of calcium car- 
bonate or oxide respectively in the substance. 

When a limestone ' contains a notable amount of magnesia, the 
calcium and magnesium can be determined together by titration accord- 
ing to Newbury’s method 1 with sufficient accuracy for technical pur- 
poses. This method is based on the facts that magnesium hydroxide is 
sufficiently soluble in water to colour phenolphthalein, and that, when 
boiled in dilute solution with sodium hydroxide, magnesia is completely 
precipitated and separated from calcium oxide. Half a gram of the 
limestone under examination is weighed into a conical flask of about 
500 c.c. capacity, fitted with a rubber stopper and a thin-walled glass 
tube about 75 cm. long, which serves as a reflux condenser. Sixty c.c. 
of Nj 5 hydrochloric acid are then added from a burette, the condenser 
inserted, and the liquid boiled gently for about two minutes, care being 
taken that no vapours escape. The tube is rinsed with a little water 
and removed, and the flask cooled under the tap; 5 to 6 drops of 
phenolphthalein solution (1 g. in 200 c.c. of alcohol) are then added, 
and the solution titrated to a faint pink colour with NJ 5 sodium 
hydroxide. It is important to hit the point at which a slight pink 
tinge suffuses the liquid, even if it be transitory, for if alkali be 
added until a decided permanent coloration is formed the lime will 
come out too high. The volume of acid employed may be called “ first 
acid,” and that of alkali required “ first alkali.” 

In the case of limestones containing insignificant amounts of 
magnesia this completes the determination, and : — 

a c.c. acid - b c.c. alkali x 2 x 0-56 = % CaO. 

In this case the solution need not be cooled, and a permanent 
coloration sets in at the moment of neutralisation. 

Determination of Magnesium Oxide. — To determine magnesia, the 
process is continued as follows : — The neutralised solution is poured into 
a large test-tube of 30 cm. length and 2 \ cm. bore furnished with a mark 
at a volume of 100 c.c. To the boiling liquid NJ 5 sodium hydroxide 
is gradually added, c.c. by c.c. t . the boiling being repeated' after each 

1 Tonindusirie-Zeit ,, 1 903 , 27 , 833 . 
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addition, until a strong red coloration persists- on continued boiling. 
With a little practice^this point can be easily judged to-half a c.c. The 
alkali thus added to the neutralised liquid may bp called “second 
alkali” Next, the liquid is made up to ioo c.c., boiled for a moment, 
and allowed to stand until the precipitate has settled. When this has 
taken place, 50 c.c. of the clear supernatant liquid are withdrawn with a 
pipette, and titrated back with Nj 5 acid until colourless: The volume 
of acid required is multiplied by 2 and called “ second acid.” The cal- 
culations are then as follows : — 

Second alkali - second acid x 2 x 0.40 = % MgO. 

First acid - (first alkali + second alkali - second acid) x 2 x o. 5 6 = % CaO. 

The excess of alkali used in precipitating the magnesia should be 
not more than 1 c.c.; hence the “second acid” should not exceed 
1 c.c., otherwise the magnesium hydroxide carries down some calcium 
hydroxide. 

This method tends to give too high results for magnesia and too 
low for lime. This is partly due to the formation of calcium carbonate, 
owing to the action of atmospheric carbon dioxide during the separation 
of magnesia. By the use of a large test-tube, as prescribed, this source 
of error is reduced to a minimum. Again, too little lime may be found 
when the calcium occurs in the limestone in the form of compounds 
such as felspar, which are not decomposed by dilute acids. All alkali- 
metric methods are subject to this defept ; <nor does the calcimeter 
indicate lime in this form. Notable quantities of insoluble lime only 
occur very rarely in limestone. 

Much soluble alumina and ferric oxide, if present, somewhat obscure 
the end-reaction in the first and second titrations. When alumina is 
precipitated by sodium hydroxide, however, the red coloration does not 
appear until all the alumina has come down ; hence the proportion of 
magnesia found is not increased by the soluble alumina present. 

The method described above is thoroughly serviceable for fairly 
pure materials, according to experiments carried out in the Tonindustrie 
laboratory. It does not give such good results, for calcareous marls. 
This is not exclusively due to the presence of a little lime in the form 
*of silicates insoluble in dilute acid. In the second titration with sodium 
hydroxide the bulk of the precipitate, which consists largely of insoluble 
matter, has a very disturbing effect, because the end-reaction is more 
difficult to recognise ; the coloration must be unmistakably deep red. 
In the case of limestones containing much silica, alumina, and ferric 
oxide, the volume of liquid will exceed 100 c.c., and it is therefore well 
to use a more capacious measuring vessel from the beginning. 

Determination of Clay. — When the calcimetric or alkalimetric 
method shows that much clay is present in a limestone, it is advisable 
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to determine the proportion of argillaceous matter, at any rate, with 
sufficient accuracy f cy* technical work. For this, purpose 2 g. of the 
powdered limestone (marl) are weighed into a round-bottomed porcelain 
dish of about 14 to 15 cm. diameter, which is half-filled with distilled 
water, and about 10 c.c. of hydrochloric acid are added. The dish is 
covered with a watch-glass and the liquid boiled for about ten minutes. 
Any sesquioxide of iron or of aluminium which may have gone into 
solution is then precipitated by ammonia, and the whole filtered through 
a smooth filter paper. The residue is washed three or four times, 
partially dried, separated carefully from the filter, and fully dried in 
a platinum crucible at a low red heat The results are quite satis- 
factory to within about \ per cent; the time occupied by the determination 
is from one and a half to two hours. 

2. Complete Analysis 

In a complete analysis of limestone the following determinations are 
required : — Loss on ignition, which includes water, carbon dioxide, carbon 
and bitumen ; silicate, comprising silica, alumina, and ferric oxide ; calcium, 
magnesium, and sulphuric acid. In some cases the separate estimation 
of water and of carbon dioxide is desirable, whilst in the purer limestones, 
i.e. those containing about 4 to 5 per cent of total silicates, it is 
unnecessary to estimate silica, alumina, and ferric oxide separately. 
This latter separation is only .required in limestones of over 5 per cent, 
silicate content, and is frequently asked for in hydraulic limes. Ex- 
haustive analyses of this kind will be discussed later in connection with 
cement and clay. 

For an examination as specified above the first step is to collect a 
good average sample on the spot, which should preferably be done by 
the analyst personally. An untrained man only very rarely succeeds in 
drawing really representative samples. The superficial layer of stone in 
the quarry should be first hewn^away, since it may be weathered, and a 
fairly large sample taken from the material lying behind or beneath. 

Moisture. — If it is desired to determine the natural moisture, the 
sample must be immediately enclosed in an air-tight, glass receptacle 
and the determination made with the least possible delay. 

About 100 g. of the stone are weighed out and placed in a wide glass 
tube, through which dry air is drawn at the ordinary temperature by 
means of a filter pump; the loss in weight gives the “Natural 
Moisture.” 

When the weight of the substance has become constant, the moisture 
of the air-dried material is determined by placing it in an air-bath 
(Thorner’s "air-bath, which is dined inside with porcelain? is to be 
recommended) and heating it for about two hours to 105°. When 
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the estimation of moisture is considered superfluous, the limestone can 
be dried directly on an iron plate. „ . " ' 

Loss on Ignition. Two g. of the dried substance, are weighed into 
a platinum crucible and ignited, to determine water, carbon dioxide 
carbon and bitumen. The flame of the burner is raised gradually during 
about fifteen minutes, to a maximum, and then kept at full height for 
another fifteen minutes. The crucible is then ignited for thirty minutes ' 
more over a blowpipe or over a high temperature burner; this ensures 
the removal of the last traces of carbon dioxide. The covered crucible is - 
then allowed to cool for from ten to fifteen minutes and weighed- it 
should not be allowed to standr longer, since its contents, after ignition 
are very hygroscopic. The ignited substance is then transferred from 
the crucible to a capacious porcelain dish, covered with a little water 
and decomposed by hydrochloric acid for the estimation of the un- 
decomposed matter, silica, etc. 


To determine the separate components of the loss on ignition the 
water is first determined by mixing io g. of the substance with lead 
peroxide and heating the mixture in a tube of refractory glass, through 
which a current of dry air is passed to carry off the water, which is 
retained in a weighed calcium chloride tube. 

hv Sh* Di °^ ide — The carbon dioxide is most simply determined 
by Mohrs well-known apparatus. This consists of a small flask of 

H 7 L C ' C V Capa , Clt , y P r0vided with a doubly bored rubber stopper 

tnhe d W A h J funnel / losed by a P lnchc °ck/a n Q a small calcium chloride 
tube. A charge of, i g. of substance is introduced and covered with a 

whole W weT;hed e Th ^ ^ 10 ° f ^^hloric a cid, and the 
„ K f g ! / , The aCld ls then cautiously dropped in upon the 
subs ance until decomposition is complete, and the last trace of carbon 
dioxide expelled by gently warming the flask, preferably on a water- 
to coni a ^ mperatu , re not exceeding 75°. The apparatus is allowed 
of carbon dioxid^ J ^ X IO ° giVCS the P ercenta g e 


i pe™:nrui is r ly + approximate ' as the err ° r is seid ° m iess 

i p er cent. It is advantageous, therefore, to conduct the estimation of 

W 5" ” ith,hat ° f Wattr ' ^ COTTM, 

solution which J^ tash ; buIbs containing i : 3 potassium hydroxide 
solution, which are weighed before and after the experiment 

shoddceriaS^be^ 7 - S !? the domination of the carbon dioxide 
Classed orTv y th P "1 ° Ut the S ravimetric method of Fresenius- 
(P. ita) or that nf T S ' V tr J C ™ eth ° d ° f Lun ^ e and Marchlewski 
described above is ^ Rittener (P- 1 S3\ since the method 

deS Undecamposed a Mattel c toSfTS ^ • 

C ox.de._The poreelam d ;s h containing the solution of the ignited 
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sample in hydrochloric acid is half-filled with distilled water, the 
contents heated to#boiling, and treated with ^ammonia, whilst still 
boiling, until tjje reaction is distinctly alkaline. The dish is then 
immediately removed from the flame and the contents stirred, when 
the precipitate settles rapidly. The whole is filtered, without decant- 
ing, into a litre flask, and the precipitate washed until no trace of 
ammonium chloride remains, as shown by testing with silver nitrate. 
The filter and precipitate are introduced, whilst still wet, into a 
platinum crucible, burnt, and ignited over a Bunsen flame for about ten 
minutes. 

The contents of the litre flask are allowed to cool completely, made 
up to the mark, and thoroughly shaken. Two portions of 500 c.c. each 
are then taken for the determination of the calcium and magnesium and 
of the sulphuric acid respectively. 

Calcium. — The first portion of 500 c.c. is acidified with hydrochloric 
acid in a 1000 c.c. beaker and heated to boiling. The acid is added in 
order to prevent a precipitation, in ammoniacal solution, of calcium 
carbonate, which is very apt to run through the filter. Whilst the liquid 
is boiling, the calcium is precipitated by adding solid oxalic acid, 
3 parts of crystallised acid being used for each part of calcium oxide 
(theory requires 2*25 parts) ; any magnesium present must be included in 
the calculation, because calcium oxalate being somewhat soluble in 
magnesium chloride solution, it is necessary to convert all the mag- 
nesium present into magnesium oxalate. 

The approximate percentage of calcium and magnesium oxides is 
rapidly and easily ascertained by the preliminary calcimetric test, so that 
it is possible to effect the precipitation with very nearly the exact 
quantity of oxalic acid required. The precipitation must, however, be 
carefully carried out, for if the whole charge of oxalic acid were added at 
once to the boiling liquid, it might boil over. It is best to add the reagent 
crystal by crystal, and to stir with a glass rod, during the addition ; as 
soon as all the oxalic acid has*been introduced, ammonia is added in 
slight excess, and the. beaker allowed to stand overnight, preferably in a 
warm placet • 

Schoch has found, as the result of many hundred parallel experi- 
ments, that this mode of effecting the precipitation renders the double 
precipitation which is so often recommended unnecessary. The average 
error was less than per cent. Moreover, if this method be properly 
carried out, there is no danger of the precipitate passing through the 
filter. 

On the following day, or after at least three hours, the calcium 
oxalate is^filtered off and washed with cold water until no trace of 
ammonium chloride remains. l; The filter and precipitate are then care- 
fully removed to a platinum crucible and burnt wet. After igniting for 
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half an hour over the blast, the calcium oxalate is- completely converted 
to calcium oxide. * r 

Magnesium. — The filtrate from the calcium oxalate,, is made slightly 
acid with hydrochloric acid and evaporated to about 200 c.c. ; the 
addition of acid prevents the separation of magnesium salts. The liquid 
is then transferred to a 600 c.c. beaker, allowed to cool, treated with 
■J- of its volume of 25 per cent ammonia, and sodium phosphate added, 
which precipitates the magnesium as magnesium ammonium pyro- 
phosphate ; the precipitate requires at least twelve hours to settle out 
completely. After this interval it is filtered off and washed with water 
containing % of its volume off ammonia. In testing the washings 
with silver nitrate, a just visible bluish-white opalescence indicates 
sufficient washing. The precipitate is then dried upon the filter, 
separated from it as far as possible, the filter incinerated in a coil of 
platinum wire and added to the main precipitate in a small porcelain 
crucible, which is ignited, after adding a few drops of nitric acid if 
necessary, until the contents are quite white. A second ignition, 
or even ignition over the blast, may be required. No black specks 
should remain in the precipitate, but a bluish-grey tinge is without 
effect on the result. The results tend to come out from T \- to ^ per 
cent, too high. 

This method for the separation and estimation of calcium and 
magnesium is in use, and gives satisfaction, in most of the cement 
laboratories in Germany. Other methods aTe r described in the section 
on “ Sodium Sulphate and Hydrochloric Acid ” (p. 406) and also under 
the analysis of cement (p. 693). T. W. Richards’ work (cf. p. 406) deals 
with the objections that have been raised against the method by some 
workers who contend that a portion of the magnesium comes down with 
the calcium precipitate, and by others who hold that a little calcium 
goes over into the magnesium filtrate. 

Sulphuric Acid. — For this estimation the second 500 c.c. of the 
filtrate from the insoluble matter are used. 

In the case of a limestone containing visible admixtures of pyrites, 
the usual manner of preparing the sample for analysis must be modified, 
by first drying it at 105°, but without igniting. Two g. are weighed 
mto a capacious porcelain dish, covered at once with bromine water, and 
decomposed by adding from 25 to 30 c.c. of hydrochloric acid, little 
by little, the dish being kept cool ; all the sulphur liberated as sulphur- 
etted hydrogen is thus oxidised without loss. After complete decom- 
position has taken place, the liquid is filtered and the total sulphur 
determined in the filtrate as on p. 274. 

In order to determine sulphur and sulphuric acid separately, two 
analyses arS made, side by side, the one 'as above and the other without 
bromine water. These give respectively the total sulphur and the 
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sulphur existing 'as sulphuric acid ; the difference represents sulphur 
present as sulphide. ^ 

• ^ B. QUICKLIME 

Burnt lime absorbs water and carbon dioxide from the air with 
great avidity ; hence samples, to be of any value, should be taken at 
the kiln, and should be put into bottles and hermetically sealed at 
once. Small fragments should be rejected in sampling; it is best to 
break up large pieces and to take the samples from the centre. 

The complete chemical analysis of lime is carried out exactly like 
that of limestone. A simple method for the estimation of the free 
lime and carbon dioxide, devised by Lunge, is described on p. 483. 
The determination of the loss on ignition should not be omitted, since 
water and carbon dioxide are apt to be taken up in spite of every care. 

The technical valuation of quicklimes, more especially for building 
purposes, includes : — 

1. Keeping properties. 

2. Slaking power. 

3. Increase of volume on slaking. 

1 . Keeping Properties. — These do not bear so much on the quality 
of the lime as such, as on the practical requirements of storing and 
transporting. It is useful to know how long a lime will keep before 
slaking and falling to powder by atmospheric agencies ; the longer this, 
period, the better for tUe ^ime-burner,. since it can be kept in stock 
longer and can be sent to greater distances. 

2. Slaking Power. — Hard-burnt, white lifne* on treatment with 
water, should slake quickly and completely with evolution of heat. 

If the treatment with water be limited in duration and quantity 
(&£*., the lime be dipped in water for one to two minutes, until just 
soaked), dry calcium hydroxide is formed, and the lime crumbles 
gradually to an impalpable powder of specific gravity 2-08. If the 
lime be allowed to stand for sojne time with much water (as in mortar- 
making), it eventually swells to a stiff paste. The latter process is the 
usual one in the building trade. 

The slaking power of lime is of great importance in several 
industries. Thus it is imperative for makers of slag-cement and sf 
artificial stone to know how soon a given lime slakes, in order that 
they may modify the slaking process accordingly, and avoid getting 
unslaked lime into the mixings. This might happen owing to. 
incomplete slaking, and might lead to subsequent hydration in the 
finished product, causing swelling, and rendering the goods useless. 

To estimate the slaking power Schoch uses Stiepel’s lime-calorimeter, 
described t>n p. 483. In a loijg series of experiments he-Jfound that 
this instrument does not always satisfactorily fulfil its primary purpose 
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of indicating the content of quicklime in a lime. In many examinations 
of limes, some of which were very pure, it proved a failure, in so far as 
the slaking proceeded very slowly and allowed much 'of the evolved 
heat to escape unrecorded. On the other hand, the "rate of the rise 
in temperature was found to be a trustworthy factor for ascertaining 
the exact time required for slaking. By using this apparatus, therefore 
the artificial-stone maker has a simple means of judging how lon^ 

and how strongly he must slake his lime in order to obtain a fnllv 
hydrated product. ly 

3. Increase of Volume on Slaking.— The swelling which takes 
place on slaking lime is more or less marked, according to the puritv 
and density of the sample. r ^ y 

Since the sale of lime is now conducted more and more by weight 
the determination of the increase of volume on slaking has been 
correspondingly simplified; the mortar-volumen- 
ometer designed by Michaelis (Fig. 151) i s used for 

S this purpose. 

This apparatus is convenient in use, easily 
I manipulated, and sufficiently accurate; its dimen- 

-f sions > however, ought to be greater, allowing for a 

jj charge of 100 g. of lime, instead of only 50 g. It 

_| consists of a brass receptacle of exactly 400 c.c. 

| capacity, upon which a graduated glass tube can be 

-| tightly screwed ; the grgdyation proceeds upwards 

I from 200 to 300 c.c. For the estimation, a piece 

J j l— is of 1In ; e weighing exactly 50 g. is placed in the brass 

vessel > and wa t er . say 120 c.c. for the first experiment, 
I # r added ; the correct amount of water can only be 

IJmaML gauged by several trials. In testing hydraulic lime, 

10° g- are taken and 200 c.c. of water added. The 
Via. 151 . vessel is at once covered with a watch-glass and 

warmed on the water-bath, the contents being shaken 
down from time to time by smartly knocking the vessel upon the 
bench ; as soon as the paste begins to crack it fs cooled and the lid 
and tube screwed on ; 200 or 300 c.c. of water, as'may be required, are 
then added from a pipette, and the volume of the lime cream read off. 

The weight of a litre of normal lime cream varies from i3?og to 
1450 g. 

If the volume, and not the weight, of the original lime is to be 
taken as basis, the piece of lime weighing 50 g. is quickly dipped into 
molten paraffin wax, and the volume determined. The increase of 
wolume on slaking is from 3-0 to 4.5. The determination of volume 
xyy bushel measures is altogether untrustworthy, • 

The quantity of water which a lime takes' up on conversion into 
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dry or pasty hydroxide varies greatly, and is mainly conditioned by 
its degree of purity. In place of the direct estimation of the slaking 
increment described atfove, an indirect method was* proposed by Stingl, 
in which the quality of a lime is determined by measuring its capacity 
for water. The weight of water required by a known quantity of lime of 
sp. gr. 2-3 to form a paste of definite consistency is ascertained, and 
the specific gravity of this paste then taken. By the aid of these 
two data the increase of volume can be calculated. This method has the 


defect of introducing the doubt- 
ful quantity, “a paste of definite 
consistency,” which is not easily 
estimated in the case of thin 
creams. Again, the method re- 
quires much more time and trouble 
than the mortar- volumenometer. 
The joint investigations of Tet- 
majer, Hauenschild, and Michaelis 
go to prove that the consistency 
of a lime paste is not a simple 
function of its water-content. 

The standard consistency of 
lime paste is provisionally defined 
as that at which when cracks -just 
begin to appear with Riidersdorf 
lime, a piston of the Vicatr'needle 
type (Fig. 152), weighing 2 kilos, 
penetrates to a depth of 25 mm. 
Riidersdorf lime is accepted as the 
standard for this test in Germany ; 
there is no corresponding standard 
in this country. The manipula- 
tion of this instrument is quite 
illustration. 



Pig. 152. 


simple, and is evident from the 


C. LIME 


The tensile strain test, which will be described in detail under,, 
cement, is an important factor in the valuation of lime. The test should 
be carried out more especially upon mixtures containing varying 
amounts of sand j the usual proportions of sand are 3> 4 -> 5 parts 

to x part of lime. It is customary in practice to make up these 
mixtures by volume. For accurate work this is, of course, inadmissible ; 
even mixtures by weight of lime paste and sand are not sufficiently 
definite. The more recent and better method is to make uj> mortars 
of so many parts by weight of sand to one part by weight of the solid 
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lime contained in the lime cream or paste (of standard consistency) 
used. The starting point is thus the ignition-residue of the lime paste, • 
which should be about one-third of the whole. 

The breaking strains attained by lime mortar, are not very con- 
siderable ; with a good lime the following results may be expected after 
twenty-eight days : — 

Breaking strain with 34 5 

By tension— Kilos per sq. cm. 3 to 4 4 to 5 3*5 to 4-5 

Lbs. per sq. in. 43 to 57 57 to 71 50 to 64 

By compression — Kilos per sq. cm. 9 to 16 12 to 20 10 to 18 

Lbs. per sq. in. 128 to 227 170 to 284 142 to 256 

It is well to examine the test pieces for porosity by Michaelis’s 
method, which is described under “ Portland Cement” (p. 712). 

Determination of Lime in Mortar.— In the case of large buildings 
the mortar is sometimes mixed in a central factory, and delivered to 
the builders. In order to find out whether such mortars contain the 
right proportion of lime, methods have been devised by Frilhling and 
by Holmblad, both of which are easily carried out and yield useful 
results. 

Friihlings Method} This method depends upon the rapid de- 
composition of ammonium salts by calcium hydroxide. A hollow cube 
of zinc, open at opposite ends, of exactly 100 c.c. capacity is placed on 
a smooth surface and completely filled, avoiding crevices, with the 
mortar under examination. The excess of mortar at the top of the 
cube is scraped aw The contents of the cube are then introduced 
through a metal funnel into a stoppered bottle, and the residues clinging 
to the cube and funnel washed down with 150 c.c. of ammonium chloride 
solution. The funnel is then removed, the bottle closed and violently 
shaken for some time, until the mortar and the solution are intimately 
mixed. The bottle is allowed to stand, still stoppered, for about fifteen 
minutes, whilst the sand settles out from the lime dissolved in the solu- 
tion. The supernatant liquid need not become perfectly clear; any 
bulky flakes remaining suspended have no serious effect upon the sub- 
sequent testing. One hundred c.c. of the decanted liquid are then 
0 measured off, poured into a porcelain dish previously half-filled with 
400 to 500 c.c. of water, and coloured a full red with about twenty 
drops of an alcoholic solution of rosolic acid. The dish is then placed 
under a 200 c.c. burette charged with hydrochloric acid of such strength 
that 1 c.c. =0*05 g. CaO, and titrated, with constant stirring, until the 
red colour changes to a faint yellow. The number of c.c. used corre- 
spond exactly to the kilos of lime contained in 1 cubic metre of the 
mortar. 

e 

1 T onindustrie-Zeit. ,*1884, 8, 393. 


f parts of 
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Unmixed slaked lime can be similarly assayed, if a known volume 
or weight be treated as above. The experimental error is not more 
than about | per cent. * • 

Holmblad? s Method 1 is simpler and easier than that of Friihling. 
The strength of the hydrochloric acid is so adjusted that I c.c. neutralises 
0-05 g. Ca(OH) 2 , and therefore indicates i per cent, of lime. The 
measuring vessel in which the sample is taken has a cubic capacity 
corresponding to 5 g. of mortar with 14 per cent, of water. Thus the 
weight of dry mortar contained in it is, 5 x -86 = 4-3 g- This percentage 
of water is the average proportion for mortar, and small divergencies 
on either side do not seriously affect the result. 

The apparatus consists of three parts, the sampling vessel, the 
testing jar, and the acid-bottle. The sampling vessel is a small brass 
cylinder closed at one end and fitted with a movable piston. The 
testing jar is a graduated glass cylinder, on which each division repre- 
sents o-86 c.c., that is, 1 per cent, of lime upon the dry mortar. The 
acid-bottle is of the usual dropping-bottle type. 

To carry out a test, the sampling vessel is filled with mortar and 
emptied by aid of the piston into the testing jar. Water is then added 
up to the zero mark, the stopper inserted, the jar thoroughly shaken, 
and rosolic acid added ; the contents are then ready to receive the acid. 

If it can be assumed that the mortar contains not less than 5 or 6 
per cent, of slaked lime, acid may be poured into the jar directly from the 
acid-bottle up to the fifth or sixth division. When this has been 
distributed in the liquid by shaking, the red colour due to the rosolic acid 
becomes evident. TJhe addition of acid is then continued drop by drop 
until, on shaking, the red colour is changed to a dirty yellow. The 
lime is thus neutralised, and the percentage of slaked lime is given by 
the level of the liquid. Ayerage mortar contains from 8 to 10 per cent, of 
lime. 

The only drawback of this very simple method is that the hydro- 
chloric acid neutralises any grains of calcium carbonate which may have 
been present in the sand, so that the lime content of the mortar comes 
out too high. By proceeding cautiously, however, the free calcium 
hydroxide can always b% observed to undergo neutralisation first. 

To eliminate this source of error entirely, it is safer and quite as^ 
rapid to adopt Lunge’s method (cf p. 483), which, when carried out 
with care, is not affected by the presence of calcium carbonate. The 
indicator employed is phenolphthalein. 

A simple method has been worked out in the Tonindustrie 
laboratory 2 for the determination of the lime in lime-sand mixtures, 
as a control of the mixings in the manufacture of artificial stone. The 
sample for analysis is preferably drawn from the wet paste in the mixing 

1 Tonindustrie-Zeit., 1889, 13, 1 43. 2 Ibid., 1902, 26, 1719. 

2 U 
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machinery or pug-mill. It is usually advisable, however to drive *1, 
paste through a sieve by aid of a stiff brush so as to effeef the 
distribution of the Time. To estimate the latter, 100 g of pasted 
weighed into a stoppered bottle, which, after the addition of 2 f t f 
ammonium chloride, is half-filled with water and thoroughly shaken 
About 20 drops of phenolphthalein are then added, which Impart a red 
coJour t° the liquid, and the bottle is again shaken Fifty rr I 
hydrochloric acid of known strength are then cautiously added ^ the red 
colour of the liquid disappears temporarily, but reappears on^akinl 
As long as the red coloration remains, there is still free lime present. k On ' 
rig. more acid, c.c. by c.c., with thorough agitation, the colour is 
slower in returning after its initial disappearance and the a d lit, r 
acid is then continued in portions of 05 cc at a time fILI, T ° f 
Wred tinge only appears after Lodi tag ^ five ”^ 7 ^ 
neutralisation may be regarded as compete n. j “mutes, the 

the shaking does no. hinder the ecognltn of tteTnd r a^ " P ^ 
ytdes rapidly, leaving the colour evLn, "n ,ht ^super' a STC? 
The whole operation is completed in a few minutes wllTf 

S’d th h number * 

the Ume content directly, assuming that too cc of ^VtafataTg 
Of HC 1 , equivalent to io-o g. of CaO. contain X2-« g. 

For the testing of milk of lime, Blattner 1 has published a fa Ki t 

with normal hydrachlod^aci^whlllt may . eStlmated hy titration - 
is found by the method described^ p 666 * Carb °" ate . P resent 
especially sand, is estimated by elutriatfon p mMer ’ 


II. 


hydraulic admixtures 


buJt h 'LT P oXT e fom. S a bS C“ S l WtiSh are added *° teady - 

hydraulifactors are mainly • y 3U 1C IS0rtar - These so-called 

* KATURAL PUZZUO bTh^an^s N s A 

f-nd 

1 Dingl Pclyuj., m 3> 250, 464. 
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Santorin, one of the 

Cyclades, and in the Eifel. Their 

typical chemical 

composition is given 

i$ the following table 

> 

• 

Puzzuolana. 

Santorin Eartli. 

Trass. 

Water 

up tO 12 % 

4-29 % 

3 to 12 % 

Silica 

52 to 60 

65-43 

49 to 59 

Titanic acid 

. 

•69 

Alumina . 

. 9 to 21 

1 5-01 

10 to 19 

Manganous oxide 

. ... 

•50 

Ferric oxide 

. 5 to 22 

i-88 

4 to 12 

Ferrous oxide . 

. 

2*06 

... 

Calcium oxide . 

. 2 to 10 

2*84 

1 to 8 

Magnesium oxide 

up to 2 

1*06 

1 to 7 

Alkalis 

. 3 to 16 

7*61 

3 to 10 


It is characteristic of all the three varieties that they contain 
chemically combined water; indeed, Tetmajer values them as hydrauli- 
cising additions to mortars according to the loss on ignition of the 
substance previously dried at iio°. When this chemically combined 
water is expelled by heat, the puzzuolana loses its value as a hydrauli- 
factor almost completely. In investigating puzzuolanas, it is therefore 
necessary to pay attention to this factor, apart from the general chemical 
composition. 

The following analyses of Puzzuolanas from various sources show 
the proportion of ingredients soluble in hydrochloric acid. The 
hydraulicity depends mainly upon this relation. 



Puzzfuolana. 

Puzzuolana. 

Trass. 


Italy. 

Auvergne. 

Rhin^.- 

• 

(Rivot.) 

(Rivot.) 

( Eisner.) 

Silica 

19*5 

28*2 

11*5 > 

Alumina . 

97 

2*0 

17*7 

Ferric oxide 

6*5 

21*8 

n*8 1 

Calcium oxide . 

8-o 

9*0 

3 ' 2 

Magnesium oxide . 

0.9 

2*2 

Alkalis 

2-6 

1*2 

2*7 

Silica 

327* 

25*0 

37 ' 4 ' 

Alumina and Ferric \ 
oxide . . , „ . j 

8*1 

6*7 

i*8 

Calcium oxide . . ? 

1*2 

17 

2*2 

Water and loss 

10*2 

4*1 

9*5 . 


Soluble in 
hydrochloric 
acid. 


Insoluble in 
hydrochloric 
acid. 


Feichtinger 1 is of opinion that the hydraulicising properties of 
Santorin earth are due to the presence of “ free,” i.e. reactive silica. 

Lunge and Millberg, 2 however, in their investigations on this 
subject came to the conclusion that easily decomposed silicates, and not 
free silica, are the active substance in puzzuolanas, and that all these 
hydraulifactors (Santorin earth, puzzuolana, trass, etc.) contain no free 
amorphous silica, but that they <£o contain, besides refractory silicates, 
1 Ding/, polyt*J % 1870, 197, 146. 2 Z* angew . Chem 1897, 10, 428. 
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presumably inactive silicates of the nature of zeolites, which are 
dissolved by 30 per r cent potassium hydroxide solution even on the 
water-bath. It is desirable also, therefore, to determine the value of 
hydraulicising materials from this point of view. 

For trass the following standard tests have been suggested. 1 

1. Determination of Hygroscopic Water and of Water of Hydra- 
tion (Loss on Ignition). — Good trass consists of ground hydraulic tufa. 
In most cases the loss on ignition affords information as to whether a 
trass is prepared from hydraulic tufa of good quality. 

A good sample should give at least 7 per cent loss on ignition (i.e., 
chemically combined water), but this estimation alone is not to be 
regarded as conclusive evidence of the value of a trass. 

Trasses of 5,| to per cent ignition loss are satisfactory, provided 
that they are up to the standard in tensile strength. 

Preparation of the Samples . An average sample of about 20 g. of 
the trass to be examined is taken and triturated in a mortar until it 
passes through a sieve of 5000 meshes to the sq. cm., without leaving 
a residue. 

In case the trass is supplied in the form of unground blocks of 
tufa, care must be taken that the first sample drawn (about 10 kilos) 
represents the best possible average, and that the lumps picked out are 
well mixed together. 

The 10 kilos of lumps are first pounded in a mortar until all passes 
through a sieve of 10 meshes to the sq. crxr ^The sifted material is then 
thoroughly mixed, and 1 kilo taken and ground fine enough to pass a 
sieve of 60 meshes to the sq. cm. without residtfe. Of the resulting 
powder 100 g. are finely ground and passed completely through a sieve 
of 900 meshes. 

Determination of Hygroscopic Water . To determine the percentage of 
mechanically retained water 10 g. of the trass, prepared as above, are 
filled into a stoppered weighing-bottle of at least 4 cm. diameter. The 
bottle, with the stopper taken out, together with the stopper, is dried 
in a drying oven, heated by boiling water and provided with ventilators, 
for three hours to about 98°. Care must be ta^en that the flame does 
not spread beyond the bottom of the oven and heat the door, as this 
•"would raise the temperature of the interior above that imparted by the 
boiling water, and also, that no aqueous vapour penetrates into the 
oven. 

The bottle is then stoppered, transferred to a desiccator, allowed 
to cool, and weighed. The loss in weight is regarded as representing 
the hygroscopic water in the trass. 

To obtain greater accuracy, it is necessary to dry at 98° until the 
weight of the residue is constant; for<practical purposes, hbwever, three 

1 Vor stand fur Materialpriifungen der Technik , 1900 , 
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hours’ drying suffices, since the subsequent loss in weight only amounts 
to tenths of a per cent 

Determination of the Loss on Ignition . For this purpose the second 
io g. of the sampfe are weighed into a platinum or porcelain crucible 
and ignited, either for thirty minutes over the blowpipe, or for at least 
forty minutes in a Hempel or similar furnace. It is desirable to begin 
the heating of the trass, which contains both water and air, very 
gradually, raising it to a red heat only after from five to ten minutes. 
If it is heated too suddenly, the expelled steam and air carry away 
particles of trass, and the loss thus incurred is falsely attributed to the 
true ignition loss. 

After ignition the crucible is taken up with hot tongs, immediately 
placed in a desiccator to cool, and the loss in weight is determined. 

In calculating the water of hydration, the loss in drying is subtracted 
from the total loss on ignition. The difference is calculated in per- 
centages of the dried trass, that is, on the trass less the hygroscopic 
water. 

2 . Degree of Fineness. — To gauge the degree of fineness the sieves 
commonly applied to cement testing are used, having 144, 900, and 
5000 meshes to the sq. cm. respectively. 

Trass ought to be ground as finely as possible, for the binding power 
of the material increases with the fineness. Under present conditions 
one is justified in demanding that the 900-mesh sieve shall retain not 
more than 25 per cent, and &he 5000-mesh not more that 50 per cent. 

One hundred g. of the powder, dried at 98° to ioo°, are taken and 
are first sifted upon the finest mesh. The portion remaining on the 
sieve is weighed and screened through the next mesh, and so on. 

3. Needle Test. — The powdered trass is tested in the condition in 
which it is delivered, but grains which fail to pass through the 144- 
mesh sieve should be rejected, as they are apt to vitiate the test. In 
case the trass is intended for overground building, it is well to conduct 
the test on air-hardened materi^J. 

A mixture of 2 parts by weight of trass, 1 part by weight of 
powdered slaked lime,*and 0-9 to 1 part by weight of water is gauged 
at 1 5° to 1 8°, filled into ebonite boxes without a bottom, which are set 
on a sheet of glass, and smoothed over at the top. The boxes are 
once immersed in water at 15 0 to 18 0 , and tested with the standard 
needle apparatus (cf p. 706), after standing for two, three, four, and five 
days respectively, the load being determined at which the standard 
needle fails to make an impression on the cement. 

If the trass cement is to be used at low temperatures, as in winter 
or in subterraneous building, it is desirable to carry out a second series 
of tests at a # corresponding temperature. In all cases the temperature 
of the water and of the air should be stated. 
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It is usual to specify, in practice, that after four days a Vicat needle 
loaded with i kilo shall at i 5 ° penetrate not further .than 5 mm. into 
the mortar, whilst after two days the latter should no longer receive an 
impression from the finger. Above i 5 - a greater load is specified, vis 
at i8f , 2 kilos, and 22^°, 3-25 kilos. 1 ’’ 

The lime employed, pending the definition of a standard lime should 
be as pure as possible, and should be prepared from marble 

4. Tensile and Crushing Strength .-Test pieces for tension and 
compression are prepared in the shapes commonly used in cement 
testing, from a mixture of 2 parts of trass, 1 part of powdered slaked 
hme, 3 parts of standard sand, and 0-9 to 1 part of water, and are beaten 
down with 150 strokes of a Bohme hammer {cf. p. 718) The test 

"§m “ '1 *T 0n are ,ak “ ° ut of the t wlnty minutes afte 

filling , those for compression twenty-four hours after filling. 

All the test pieces are kept for twenty-four hours, after preparation 

' zmc 5° X filled With m0ist air > a " d are then allowed to 
zt’tn is” Th twenty-seven days respectively, under water at 

witlr 8 ’ They are t6Sted immediatel y after being taken out of the 

mn ** 1S n°n ^ SUaHy required that after twenty-eight days the lime trass 
mortar shall have a tensile strength of at least 12 kilos per sq cm 

and a crush, ng strength of at least 6c kilos per sq. cm. ; the mean value 
of the Six highest figures out of ten experiments is taken 

follows e ; - eParati0n and gaUgin§ ° f thfrKlaterials ^ carried out as 

• Tht P° wdered trasa is taken as delivered, withofit further treatment 
The hme used is pure, freshly burnt, fat lime. Five kilos of nieces 
of the size of a walnut, are enclosed in a wire gauge, and held under 
water at 20 , until no more bubbles are disengaged. The lime is then 
thrown into a zinc-lined wooden receptacle, kept covered for eight days 

and passed through a sieve of 120 meshes to the sq. cm • tlfe coarse 
residue is rejected. H ’ e coarse 

, ^ ro P erl y slaked lime contains about 25 per cent of water. It must 
be kept in air-tight jars if intended for future experiments. 

— For a stand ard sand, that used in cement testing is taken In 
used B thS Standard sand from Leighton-Buzzard should be 

The mortar is mixed in the mixing machine {cf. p n 6 ) in such a 

twTn thetra ? and P° wdered . lim ^ are first mixed* a bowl. gten 
, , ,™ s tbe mixing-machine, stirred up with the drv sand in 

M„g a adtd Z&ZtX" ^ tUtnS ° f * he *• 

Besides^ the above standard tests, it is customary to determine the 

Cf. A. Hambloch, Dir rheinische Trass, u.s.w., Andernach, 1903. 
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bushel weight of the trass. The weight of a loosely heaped hectolitre 
should not exceed 94 kilos (59 lbs. per cb. ft). 

Most puzzuolanas are dark in colour; in the case of trass this 
coloration is an important means of distinction from the much lighter 
coloured, so-called “wild” trass, which forms a loose layer of volcanic 
ash upon genuine trass, and is practically destitute of hydraulic 
properties. 


B. ARTIFICIAL PUZZUOLANAS 

Of the various materials which fall under this head, metallurgical 
by-products, especially granulated blast-furnace slag, have proved the 
most valuable. 

In the valuation of such slags as hydraulifactors the following points 
are to be considered : — 

The slag should be basic in the sense that the ratio CaO : Si 0 2 should 
be not less than unity; it should be as rich as possible in alumina, and 
should be as free as possible from manganese, magnesia, and sulphur 
(as calcium sulphide). A slag of good quality should approximate to 


the following 

composition : — 





SiO, 

25 to 36 per cent. 

CaO 

30 

to 

50 per cent. 

A 1 2 0 3 

10 to 22 „ 

MgO 

up 

to 

3 „ 

Fe 2 0 3 

up to l£ „ 

CaS 0 4 

up 

to 

2 „ 

FeO 

up to 2 

CaS 

up 

to 

3 » 

MnO 

up to 3 „ 

KNaO 


... 

n 


% 

The determination of the loss on ignition is usually of little value, 
owing to the oxidations which take place in the process. 

The analytical methods required for such products have been partially 
described under limestone (p. 658), and will be further dealt with under 
clay (p. 688). 

It is essential to the good quality of the slag that the process of 
granulation should have been carried out at a white heat, at a high 
pressure, and with much water, at a temperature as near to freezing- 
point as possible. 

The technical tests carried out with ready"mixed puzzuolanic and 
slag cements are in general similar to those for Portland cement (c&* 
infra). In addition the following data are specific in character : — 

The proportions observed in mixing puzzuolanas and slags on the 
one hand, and lime on the other, are usually between 100:15 and 100 : 30 ; 
accordingly, the specific gravity of puzzuolanic and slag cements is 
about 2-7. 

The colour of these materials varies from light grey to yellowish- 
brown. * * * 

In contrast with ordinary builder’s mortar, the strength of these 
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cements is quite considerable even without the. addition of sand; they 
are, as it were, self-contained mortars. The standard sand-strengths 
(i part of cement to 3 parts of sand) of puzzuolanic cements, after 
seven days in the air and twenty-one days under’ water, are on the 
average : — 

f 6 to 16 kilos per sq. cm. 

By Tension j 8f . tQ 22; lbs 

per sq. in. 

_ . f 30 to 100 kilos per sq. cm. 

By Compression tQ ^ ]bs> per sq< in-> 

whilst those of slag cements reach 25 and 200 kilos per sq. cm. (356 and 
2846 lbs. per sq. in.) respectively. 

As these cements are artificial products, an important factor as 
regards their quality is the intimate intermixture of the ingredients, 
which is mostly a question of very fine grinding. A sieve of 900 meshes 
per sq. cm. should retain nothing at all, a sieve of 4900 meshes at 
most from 10 to 12 per cent. 

Moreover, since the lime is worked in as slaked powder, tests should 
be made to ascertain whether it has been completely hydrated, and 
whether there are any residual granules of caustic lime. If such were 
present, they would undergo hydration in the finished product, greatly 
impair its strength, and lead to “blowing.” Small quantities of 
unslaked lime do not affect a standard sand cement as used for 
testing, since they only fill up the hollow^ gpaces in the first instance. 
Considerable quantities, however, set up tensions in the cement, which 
are manifested by "distortion and cracking, and may eventually break 
up the test pieces altogether. Hence, it is particularly necessary, in 
examining puzzuolanic and slag cements, to test for permanency of 
volume. Faultless slag cements are absolutely permanent in volume 
under water and in air — that is, they retain permanently the shape into 
which they were moulded; also, they stand more severe tests than 
three hours’ steam drying and three^ hours’ boiling, without the least 
distortion or the formation of cracks of any kind. 

Since most puzzuolanic and slag cements, however, set very slowly, 
tests of permanency, especially of the “accelerated” type, should not be 
^made until setting is complete. 


III. HYDRAULIC CEMENTS 

A, NATURAL HYDRAULIC CEMENTS 

Hydraulic cements are distinguished as natural and artificial, 
according,as they are obtained by merely calcining a naturally occurring 
mineral, or by working up two or more materials. 
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The former are subdivided into : — 

1. Hydraulic lime. 

2. Roman cement. 

9 

3. Dolomitic or magnesian cement. 

The chief representative of artificial hydraulic cements is Portland 
cement, including ferruginous Portland cement. 

1. Hydraulic Lime 

Hydraulic lime and Roman cement are closely related, the one 
shading almost imperceptibly into the other. 

To ascertain whether a given product is hydraulic lime or Roman 
cement, the fact is taken advantage of that the former slakes and 
crumbles to some extent on treatment with water, whilst the latter does 
not slake, but has to be ground to a fine powder before use. This 
property is in the main dependent upon a smaller or greater admixture 
of clay, which, however, does not offer a decisive criterion in all cases. 
In any case, a chemical analysis of the material is indispensable in 
order to gain information as to the proportion of clay present. A 
simple calcimetric estimation of the calcium carbonate, or a determina- 
tion of the carbon dioxide by Mohr’s apparatus, does not afford 
sufficient data /or valuation, since a sound product may be dolomitic, 
in which case other methods of analysis are necessary. 

In the chemical analysis of this class of lime the determination of 
total silicate, i.e., silica, alumina, and ferric oxid b, is inadequate ; the 
three constituents must be separately determined. Hence the method 
of analysis differs somewhat from that applied to ordinary lime. 

The Analysis of Hydraulic Lime. 

The loss sustained by the substance, dried at 105°, on ignition is 
first determined, as in the case, of ordinary limestone (p. 666), and the 
residue decomposed with hydrochloric acid. Hydraulic limes generally 
give an ignition loss*, of 10 per cent. The liquid is then evaporated 
to complete dryness on the water-bath, and well stirred with a glass rod 
when it begins to thicken, so that a loose, crumbly mass is ultimately 
produced. The porcelain dish and contents are placed in a drying oven 
and heated to no° to 115 0 for at least two hours, whereby the hydro- 
chloric acid is expelled and the silica rendered insoluble. 

Silica and Gangue. — The dried mass is allowed to cool, moistened 
with hydrochloric acid, and left for several hours, preferably overnight. 
The dish is then half-filled with distilled water, warmed on the 
water-batH 1 , and the liquid filtered direct into a litre flask -which, after 
cooling, is filled up to the mark. 
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If the residue is of a pure white colour, free from sand, and not 
gritty when rubbed with a glass rod, it may be burnt wet ; care is necessary 
in the ignition as the'silica is extremely light and apt to fly off as dust. 
The filter is then incinerated, the crucible ignited fb r r seven or eight 
minutes over the blowpipe, and weighed. 

If, however, the silica is tinged yellowish-grey and contains sand, 
a separation of soluble (i.e. chemically active) and insoluble, inactive, or 
sandy silica is necessary. For this purpose the precipitate and filter are 
returned to the porcelain dish and heated with the addition of 200 c.c. of 
a xo per cent, solution of anhydrous sodium carbonate for about an hour 
on the water-bath. The soluble silica is thus completely dissolved, and 
the inactive silica or sand remains behind. The residue is washed by 
decantation with hot water, again treated with hot sodium carbonate 
solution, and filtered. The residue on the filter consists of sand and 
gangue, and is burnt wet ; the united filtrates, which contain all 
the soluble or active silica, are acidified, evaporated to dryness, and 
again dried at no° to 115° for two hours. The dried mass is moistened 
with strong hydrochloric acid, allowed to stand overnight, washed by 
decantation and on the filter with hot water, and weighed. 

Alkali hydroxide cannot be used in place of carbonate, Lunge and 
Millberg 1 having proved that inactive quartzose silica is markedly 
attacked by the former {cf. p. 585). 

The original filtrate from the silica and sand contained in the litre 
flask is withdrawn by a pipette in three quantities of 400, 300, and 300 
c.c. respectively, into ^beakers of 800 and 600 c.c. capacity. The 400 c.c. 
are used for estimating the sesquioxides, calcium, 2hd magnesium, the 
first 300 c.c. for estimating the alumina and ferric oxide separately, and 
the second 300 c.c. for estimating the sulphuric acid. 

Sesquioxides. — Alumina and Ferric Oxides. — The 400 c.c. of the 
above solution are boiled with a few drops of nitric acid, in order to 
oxidise any ferrous oxide present, and the iron and alumina precipitated 
in the boiling solution by the addition oLa very small excess of ammonia, 
free from carbonate. The ammonia is added drop by drop until the 
liquid becomes reddish-brown, ie. approaches neutralisation, and the 
precipitation then effected by the addition of a small extra quantity of 
ammonia (cf. pp. 582 and 610). A considerable excess of ammonia would 
tend to redissolve alumina. It is not necessary to add ammonium 
chloride before precipitating, unless much magnesia is present After 
precipitation, the beaker is removed from the flame, the precipitate 
allowed to settle, filtered off with the least possible delay, and washed 
on the filter with hot water, care being taken that the precipitate is well 
stirred up by the washing. If this precaution is not observed, the 
glutinous alumina is apt to choke the #pores of the paper &nd render 
1 Z, angew. Chem. 1897, io, 393 J <f p. 585. 
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filtration tedious ; for the same reason the precipitate should on no account 
be left unwashed on the filter paper for any length of time, say overnight. 
After washing, the filter is burnt wet in a platinum'crucible, ignited, and 
weighed as A1 2 0 3 ®+ Fe 2 0 3 ; too strong ignition should be avoided, since 
the ferric oxide might be partially converted into ferroso-ferric oxide. 

Calcium and Magnesium. — These are determined in the filtrate from 
the sesquioxides by the methods detailed on p. 405 et seq. and p. 667 
et seq . 

Separation of Alumina and Ferric Oxide. — In the second aliquot 
part (300 c.c.) of the filtrate from the silica, iron is determined by the 
method given on p. 380. 

Ferrous Iron. — Should it be desirable to determine the iron 
present in the ferrous as well as that in the ferric condition, 2 g. of the 
original substance, dried at ioo° but not ignited, are decomposed in a 
flask by sulphuric acid in a current of carbon dioxide. The turbid 
solution is washed into a 400 c.c. flask, previously charged with about 
I g. of sodium bicarbonate, filled up to the mark, and well shaken. 
After settling, 200 c.c. are withdrawn and titrated with potassium 
permanganate, to determine the FeO. The remaining 200 c.c. are filtered, 
completely reduced by means of zinc, and again titrated with perman- 
ganate, whereby the percentage of Fe0 + Fe 2 0 3 is ascertained. 

Sulphuric Acid. — The third portion of the filtrate from the silica is 
used for the determination of the sulphuric acid, which is carried out as 
described on p. 668. > 

Bitumen. — Occasionally the material under examination is highly 
bituminous, and it is then advisable to determine tlie bitumen ; this can 
only be done with accuracy by a combustion, as with an organic 
substance. 

The above analytical determinations merely show how much clay is 
present in the lime ; they do not serve to differentiate the material into 
hydraulic lime or Roman cement, nor do they give a definite indication 
as to its value. 

* 

The contained clay is effective only when it is evenly distributed 
throughout the mineral, instead of occurring, as sometimes happens, in 
the form of pockets. Limestones of the latter character give much 
trouble in burning, and afford a very heterogeneous product. ^ 

The Examination of Marls for hydraulic qualities has been fully 
investigated by Lunge and Schochor-Tscherny, 1 .who proceed as 
follows : — 

The coarsely powdered material is ignited for two hours at a white 
heat, finely powdered, and boiled, first with dilute hydrochloric acid (1 : 3) 
and then with 5 per cent, sodium hydroxide solution. The two solutions 
thus obtained contain all the chemically active silica and silicates ; the 

1 Z. angew . Chem ,, 1894 , 7 > 481 . 
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residue, consisting of inactive silica, is dried, .ignited, and weighed. 
The percentage of the latter may be regarded as a negative indication 
of quality : the lower the proportion, the better the quality of the marl. 

Differentiation of Hydraulic Lime and Roman Cement. To 

decide whether a given material is hydraulic lime or Roman cement 
the only possible means is by comparative experiments in slaking; 
considerable practice is required for this test. The trials are made with 
hot water and in covered vessels, so as to utilise the heat of combination 
as fully as possible. Hydration frequently sets in briskly only when a » 
piece of fat lime is slaked and laid under the lumps of hydraulic lime 
— a case, apparently, of contact action. 

Hydraulic limes, when wetted, crumble to hydroxide to a greater or 
less extent Small lumps which refuse to fall to powder may be due to 
nodules of clay, or sand, or pebbles embedded in the lime. Sand and 
pebbles deteriorate the quality of hydraulic lime ; nodules of clay, on 
the other hand, may, if crushed and well mixed with the hydrated 
powder, actually enhance its value as a hydraulic cement. 

When a hydraulic lime forms a homogeneous body, its value is 
mainly dependent upon the percentage of silica. The noted “ chaux du 
Theil” consists almost entirely of calcium silicate practically free from 
alumina and ferric oxide. 

Minerals of this character, whilst excellent sources of hydraulic lime, 
are not so well adapted to the manufacture of cement, since their 
high proportion of silica is apt to cause violent disintegration of the 
clinker. 

i*' *, 

Finally, a satisfactory decision as to the value *of a hydraulic lime 
can only be arrived at by means of the technical tests for permanency 
of volume and tensile strength. 

The strength of hydraulic lime, without admixture, is fairly low. 
Also, its capacity for sand is less than that of quicklime, and mortars 
mixed in the proportion i : 5 are almost always inferior in strength to 
1 : 3 mixtures. 

The after-hardening is very considerable ; it continues for two years 
or more, and strengths of 30 kilos per sq. cm.*(427 lbs. per sq. in.) by 
tension and 250 kilos per sq. cm. (3558 lbs. per sq. in.) by compression 
«*nay then be reached. 

The time of setting of hydraulic limes varies greatly. As a rule it 
is about from twenty to thirty hours, but it has been known to be only 
three to four hours in some cases, and as much as ten days in others. 

Permanency of Volume . 1 — Hydraulic lime cements scarcely ever 
show signs of blowing in the air. Under water, however, this occasion- 
ally happens, as the result of the belated hydration of granular 

1 Q* Tetmaj er, Methoden und Resultate der Prilfung der hydraulischen BindemitteL vol. vi«, 

1893. 
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inclusions, such as over-burnt lime, or insufficiently hydrated particles 
of marl. 

The ordinary test by water takes too long to' be of practical use. 
Permanency of vdume can, however, be readily and quickly determined 
by using water or moist air at 50°. Either test is satisfactory, and much 
to be preferred to dry heating. The test for permanency of volume 
must never, of course, be carried out until the test pieces have 
thoroughly set. 

2. Roman Cement 

Roman cements are distinguished from the limes hitherto treated of, 
by refusing to slake and needing artificial comminution before they 
can be applied as cements. In chemical composition, also, they differ 
from true hydraulic limes in containing more clay. 

The analytical examination of Roman cements is conducted exactly 
as in the case of hydraulic or ordinary lime. The percentage of clay is 
such that it bears to the percentage of lime the ratio from 1 : 1*2 to 1 : 1*6. 
This figure, viz., the proportion of lime to total silicate, is known as 
the “ hydraulic modulus.” 

The following is an average analysis of Roman cement : — 

Silica . . . . up to 27 per cent. 

Alumina . . . 8 to 10 „ 

Ferric oxide . ** . 3 to 6 „ 

Calcium oxide . . 48 to 59 „ 

Magnesiufh oxide . . up to 3 „ 

Sulphuric acid . . . up to 2 „ 

Alkalis . . . up to I „ 

If the chemical composition of a given material lies within these 
limits, it is fairly certain that the article is of good quality, but its real 
value can only be decided by^the mechanical tests for setting, per- 
manency of volume, and strength. 

In examining the"* raw material from which Roman cement is 
made, homogeneity of^chemical composition is an important criterion of 
quality, inasmuch as the stone goes straight into the kilns ; an artificial 
adjustment of the quality, as in the case of Portland cement, is excluded* 

Since Roman cement must be ground before use, the fineness of the 
powder should be determined, as the strength of the mortar made from 
it increases with the degree of fineness. Roman cement is not burnt to 
incipient fusion, that is, not to maximum density, and consequently the 
calcined product retains its looseness of texture, and the ground powder 
is comparatively soft and impalpable. * 

Roman cements may be defined as products obtained by calcining 
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argillaceous marls below the point of incipient .fusion, so that they do 
not slake with water, and have to be powdered mechanically. 

The specific gravity varies between 2-7 and 3*0; it very rarely 
exceeds the latter. The loss on ignition is 5 per-cent or less. Its 
colour is yellowish to reddish-brown. 

Roman cements absorb water and carbon dioxide with avidity, and 
must therefore be kept, before testing, in air-tight vessels, as otherwise 
they deteriorate in quality. 

As a rule they set with tolerable rapidity ; incipient hardening is 
observed with rapid-setting cements in seven minutes, with medium 
setting cements in fifteen minutes or less, and with slow-setting cements 
in upwards of fifteen minutes. The time of setting is determined as 
in the case of Portland cement (p. 706). 

Roman cements must permanently keep the shape in which they 
have hardened. A cake of cement which has been placed under water 
twenty-four hours after gauging or setting should show no cracks or 
distortions whatever after twenty-eight days’ immersion. 

Besides these standard tests, v/hich take up much time, certain 
.accelerated tests have come into use. These comprise especially the 
hot-water test at 75° and the steaming test at 75 0 ; tests carried out at 
ioo°, as with Portland cement, as also the ignition test, are not always 
satisfied, even by the best of Roman cements. Accelerated tests should 
last for six hours, and should be commenced twenty-four hours after 
gauging, and certainly not before setting is^omplete. Should the test 
pieces fail in the 75° tests, another series should be carried out at 50°, 

The degree of fineness of Roman cements should be high ; at least 
'64 per cent, of the powder should pass through a sieve of 2500 meshes 
to the sq. cm., and at least 82 per cent, through a 900-mesh sieve. 

The binding power and strength of Roman cement is tested by 
•tension and compression, as detailed under Portland cement. In the 
normal mortar of one part of cement to three parts of sand, a good 
•material should, after seven and twenty -eight days — the first twenty-four 
hours in moist air, the remainder under water — attain the following 
•minimum breaking strains : — ^ 


Tension. 


Compression. 



Days. 

Kilos per 

.rnn, ^ 

Lbs. per 

Kilos per 

Lbs, per 

'Rapid-setting j 


sq. cm. 

sq. in. 

sq. cm. 

sq. in. 

f 7 

4 

57 

... 

... 

cements . . ! 

t 28 

8 

1 14 

60 

LT\ 

OO 

'Medium and slow- j 

r 7 

5 

7i ' 


. . . 

setting cements 1 

L 28 

10 

142 

80 

II38 


The actual strength of the best sorts of Roman cement exceed these 
-minimum figures very considerably ; their breaking strains may reach 
20 kilos and 18b kilos per sq. cm. (284 and 2562 lbs. per Sq. in.) after 
twenty-eight days. Secondary setting generally proceeds for a year 
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or so, and strengths approaching 30 kilos and 300 kilos per sq. cm. 
(427 and 4270 lbs. per sq. in.) by tension and compression respectively, 
are then attained. * 

The strength* of unmixed Roman cement also is high compared 
with that of hydraulic lime ; the tensile strength after seven days 
is 12 to 15 kilos, after twenty-eight days 20 to 30 kilos per sq. cm. 
(17 1 to 213 and 284 to 427 lbs. per sq. in.). 

3. Dolomitic or Magnesian Cement 

When a limestone contains a considerable amount of magnesium 
carbonate, it is called “dolomitic. 55 Fure dolomite is a mixture of 
calcium and magnesium carbonates, CaC 0 3 + MgC 0 3 , and has the com- 
position CaC 0 3 54*3 per cent., MgCO s 45-7 per cent. A pure dolomite 
of this character is, however, by no means the best for cement making; 
dolomites with from 8 to 10 per cent, of clay are more suitable, for the 
following reason. In calcining dolomitic limestone the temperature 
must not rise above 400°, because only magnesium carbonate and no 
calcium carbonate loses its carbon dioxide below this temperature. If 
any considerable quantity of quicklime were formed, the resulting pro- 
duct would crumble, when exposed to water, to a loose mass of poor 
consistency, and the strength of the cement would be greatly impaired. 
In this connection the clay exerts a favourable influence, as it hydrauli- 
cises any quicklime that m$*y be formed. Indeed, when the proportion 
of clay is inadequate, the material is hydraulicised by a deliberate 
admixture of some*puzzuolana such as brick-dust Magnesia has the 
property of hardening under water in presence of calcium carbonate. 

The value of a dolomitic raw material is tested, in the first instance, 
by chemical analysis. Minerals containing less than 10 per cent, of 
magnesium oxide are of inferior quality, whilst clay, up to 10 per cent 
enhances their value. 

The material should be experimentally calcined on the small scale, 
care being taken that all the magnesium carbonate is causticised, but 
only so much of the lime, if any, as will combine with the clay present. 
The burnt product is then used for the usual technical tests, viz., 
setting, permanency of volume, and strength. It must be ground finew 
since it does not slake with water. 

The setting period of dolomitic cement is moderate, from three to 
twelve hours. The colour very much resembles that of heavy hydraulic 
lime. Its specific gravity is about 2*7. 

In strength, as also in other points, dolomitic cement stands midway 
between hydraulic lime and Roman cement. Schoch found, as the result 
of a number of tests, that a 1 : 3 cement-sand mixture had after twenty- 
eight days — seven days in air, twenty-one days under water — a mean 
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tensile strength of 12 kilos per sq. cm. (171 lbs. per sq. in.). With five 
parts of sand a strength of 9 kilos per sq. cm. (128 lbs. per sq. in.) was 
observed. 

The strength of the unmixed cement is poor; on* the other hand, 
this material stands a very considerable admixture of sand. 

B. ARTIFICIAL HYDRAULIC CEMENTS. PORTLAND CEMENT, Etc. 

Whereas all the cement materials hitherto considered are calcined 
and come into use in the condition of mixture in which they occur 
naturally, artificial hydraulic cements, of which Portland cement is the 
most important, are manufactured from two or more ingredients such as 
limestone, marl, clay, etc. 


Raw Materials 

Of the raw materials used in the manufacture of artificial hydraulic 
cements, limestone and marl have already been dealt with as regards 
chemical analysis (p. 681 et seq .). 

Clay. — The analysis of clay (cf. p. 568) is similarly carried out, except 
that on account of its being imperfectly soluble in hydrochloric acid, it 
must first be decomposed by fusion with alkali carbonates. For this 
purpose 10 g. of a mixture of fifty parts of potassium carbonate, fifty 
parts of sodium carbonate, and five parts of potassium nitrate, previously 
thoroughly mixed in a porcelain mortar, arg weighed into a capacious, 
deep platinum crucible. The clay is finely powdered in an agate 
mortar, dried at iojfV 2 g. weighed out on a tared # scoop, added to the 
fusion mixture, and thoroughly incorporated by means of a thick 
platinum wire. The resulting mixture should appear quite homogeneous, 
and should not reach more than half-way up the crucible, as spitting is 
apt to occur during the fusion. The crucible is then heated over a 
small flame, and the temperature very gradually raised. The contents 
of the crucible shrink together and ultimately, at a low red heat, form 
a cake with partially fused edges. Th£ main decomposition of the clay 
by the alkali is effected at this stage, and the mass should be maintained 
in this condition for at least half an hour ; it is*then completely fused 
fcr about a quarter of an hour, and if necessary over the blowpipe. The 
crucible is allowed to cool, placed with its contents in dilute hydrochloric 
acid in a porcelain, or preferably platinum dish, digested on the water- 
bath, the solution evaporated to dryness on the water-bath, and the 
analysis conducted as with hydraulic lime. Should the melt be coloured 
greenish-blue, the presence of manganese is indicated ; this can be 
determined by first precipitating the iron and aluminium together, in 
presence of sodium acetate, and then estimating the manganese in the 
filtrate as peroxide by means of bromine-water. The estimation of 
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the manganese is always necessary in the analysis of slags. The filtrate 
contains the calcium and magnesium, which are determined as described 
on p. 667 et seq. 

The raw materials for the manufacture of Portland cement may vary 
widely in chemical composition, as there is considerable opportunity for 
adjustment in the manufacture. The most suitable materials are marls, 
in which either lime or clay may predominate, because they are more or 
less ready-mixed naturally ; it is essential that the mixture should be 
uniform. 

Chemical analysis alone does not decide as to the suitability of a 
clay in all cases. It is important that the clay should not contain too 
much magnesia or sulphuric acid or pyrites, since these may greatly 
affect the permanency of volume of the finished cement. How much a 
clay may contain cannot be definitely stated, as it depends upon how 
much magnesia and pyrites, if any, are present in the limestone, and on 
the proportion of clay material to limestone. It is safe, however, to 
pass 3 to 4 per cent, of magnesia and 2 to 3 per cent, of sulphuric acid 
in a clay. 

Whilst chemical analysis affords information as to the content of 
magnesia and sulphur, it gives no clue as to the amount of quartzose 
or sandy silica present (cf p. 585). Sand, especially when plentiful and 
of coarse grain, is mere ballast in slurry for Portland cement, since it 
goes unchanged through the kiln. This drawback can be avoided to a 
slight extent by grinding ths*raw materials exceedingly fine. As this 
involves an increased expenditure of power, attempts were formerly 
made to remove the sand by elutriation, but additional expense is 
incurred in this case also in eliminating the water thus introduced It 
is preferable, therefore, either to reject very sandy clays or to expend a 
little more steam power on the grinding. 

Estimation of the Sand in Clay . The sand in a clay is estimated by 
Elutriation (cf p. 569). For this purpose 50 g. of the dried and coarsely 
powdered sample are weighed intq a capacious porcelain dish, covered 
with water and crude hydrochloric acid in the proportion 3:1, and boiled 
for three hours. On cooling, the acid liquid is carefully decanted off 
and the residue further elutriated with water. This is most simply 
effected by allowing a gentle current of water to flow into the dish, 
whilst the solid matter is cautiously rubbed down with the fingers and 
the suspended clay allowed to escape by the lip of the dish until nothing 
but clear sand remains behind. This simple method has the advantage 
of effecting a ready and complete separation of sand and clay, whereas 
in the ordinary elutriating apparatus the only mechanical effect which 
comes into play is that of the stream of water, which is often inadequate. 
Sometimes the clay adheres so firmly to the sand that everir* heating 
with strong sulphuric acid or boiling with sodium hydroxide fails to 

2 X 
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free the sand entirely from clay, and the action of 
must obviously be much less effective. 


gently flowing water 


T , rt be preferred, however, to have 

recourse to an elutriating apparatus 
» either that of Nobel or of Schone may 

feSk M _ be used. 

iCl Nobel’s apparatus (Fig. 153) consists 
of a series of conical jars provided with 

W \\ / \\ TX\ 7f an overflow tube at the upper end of. 
W \\ / \\ / each - Tbe first vessel is connected with 

y V U /-4 . a reservoir of water, and the elutriation 

JL VI ll\ effected by placing the sample to be 

Fia. 15s. tested in this vessel and regulating the 

c ... , washing according to the rate of overflow. 

Schone s apparatus (Fig. 154) is rather more complicated, but not 
more accurate. Its main feature is the elutriating funnel, about 50 cm. 
long, which is provided with an inlet 


tube bent upwards. The upper end 
of the funnel is connected with an 
N-shaped piezometer tube, 100 cm. in 
length, which has a small circular hole 
at the apex of the downward bend. 
The mud having been placed in the 
funnel, a stream of water from the 
feed-tube E is made to traverse the 
funnel from below upwards. The only 
advantage of the apparatus is that 
the rate of flow, as represented by the 
pressure of the exits, can be accurately 
read off in the graduated tube. The 
elutriation can therefore be carried out 
at a definite and uniform pressure, r 

When the clayey matter has been 
completely separated from the sand by 
one of these methods, the latter is 
washed into a small porcelain dish and 
dried, first on the water-bath, and then 
in the oven. 

In order to determine the degree 
of fineness of the sand either the dried 
sand may be sifted, or, using Schone’s 
apparatus, the sandy residue is elutriated 
at gradually increasing pressures and the 
separately. 



Fig. 154. 


several products determined 
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It is customary to distinguish the following grades : — 

Silt : diameter of grain up to *025 mm. ® 

Dust : ^diameter of grain up to -040 mm. 

Fine Sand : diameter of grain up to -200 mm. 

Coarse Sand : diameter of grain above -200 mm. 

So far as normal, marketable clays are concerned, chemical analysis 
affords fairly trustworthy data as to the cements which may be obtained 
from them. 

Clays containing much combined or quartzose silica have the 
disadvantage that the cement clinker is very apt to dust, with the result 
that a poor cement is obtained unless the dusting be promptly arrested 
by sprinkling with water. The strength of these cements is but 
moderate shortly after setting ; after hardening, however, it proceeds 
slowly but continuously for two years, and then only begins to fall off a 
little. The time of setting is protracted. 

In contrast with highly siliceous cements, clays containing much 
alumina and carbonated or caustic alkalis produce exceedingly rapid- 
setting cements ; the mechanical strength is less than in the case of slow- 
setting cements. This is explained by the fact that the particles of 
such cements have not time enough, within the short period of setting, 
to adhere closely to each other or to the grains of added sand. Clays 
with much alumina and alkali are specially used for the manufacture of 
quick-setting cements ; they .are not so highly burnt in the preparation. 

Clays with a high proportion of gypsum or pyrites, on the other 
hand, form slow-setting cements, owing to the formation of alkali 
sulphates. Should the clay be deficient in sulphuric acid, an addition of 
gypsum is made to the finished cement, but not more than 2 per cent, 
should be added, since with a larger proportion many cements show a 
tendency to swell. 

As regards the technical preparatory treatment of the raw materials, 
the chemical nature of the clay is again of importance, in so far as 
plastic clays require a low burning temperature and yield very firm 
bricks, whereas sandy clays, more especially when associated with a 
dense, hard limestone t>f great purity, afford a material of very low 
cohesion in moulding the slurry. * 

Portland Cement 

In the manufacture of Portland cement, limestone and clay are 
weighed out in definite proportions, ground together wet, and the slurry 
thus obtained moulded into bricks and calcined to incipient vitrification ; 
the crushed and finely ground clinker constitutes Portland cement. 1 

1 For d.etails t>f the manufacture of cemen^ cf. Calcareous Cements , by G. R. Redgrave and C. 
Spackman, 1905 ; Cements , Limes , and Plasters , by E. C. Eckel, 1905 ; Portland Cement , by R. K. 
Meade, 1906 ; Die moderns A ufbereitung der Mortelmaterialien, by G. C. Schoch, 
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Chemical Analysis. — The analysis of clinker or finished cement is 
carried out by Scho r ch precisely in the same way as that of clay, except 
that the initial fusion with alkali carbonates is unnecessary. 

In the case of slurry, if the percentages of clay and limestone (or 
lime) only are to be determined, the scheme of analysis given for 
argillaceous limestones, marl, etc., under I. A. 2, p. 665 suffices. If, 
however, it is desired to estimate the several constituents present, as in 
cement or clay, it is necessary to decompose the substance by fusion 
with alkali carbonates ; ignition alone, even on the most powerful blow- * 
pipe, fails to render the material soluble in many cases. 

On the basis of a series pf analyses of cements and slurries, by 
various chemists, Hillebrand 1 has worked out the following standard 
scheme of cement analysis : — 

Of the cement under examination 0-5 g. is weighed out into a 
platinum crucible and ignited for fifteen minutes over a powerful 
blowpipe. The sample is then decomposed by hydrochloric acid and 
the solution obtained filtered off from the insoluble residue ,* the latter 
is decomposed by fusion with sodium carbonate, the melt extracted 
with water, and the aqueous extract added to the main solution. 

Silica. The solution is evaporated to dryness and the separated 
silica filtered off; the filtrate thus obtained is again evaporated and any 
further silica which may have separated collected. The two portions of 
silica are united, dried, ignited for thirty minutes over the blast, and 
weighed. The contents of the crucible are* then evaporated down with 
10 c.c. of hydrofluoric acid and four drops of sulphuric acid, ignited, and 
again weighed ; the difference between the two weighings gives the 
Si0 2 . 

Sesquioxides \ The filtrate from the silica is made alkaline with 
ammonia free from carbonate, the excess boiled off, and the precipitated 
hydroxides filtered off, washed once or twice, dissolved in hydrochloric 
acid, and reprecipitated by ammonia. After filtering and washing, the 
precipitate is ignited for ten minutes, -and weighed. 

The boiling off of any considerable excess of ammonia is apt to 
render the precipitated aluminium hydroxide s*imy, and to cause diffi- 
culties in filtering and washing (cf. p. 610). 

Ferric Oxide. In order to separate iron from aluminium, the 
ignited sesquioxides are fused in a platinum crucible with 10 g. of acid 
potassium sulphate and the melt extracted with hot water and dilute 
hydrochloric acid. Any silica still present is filtered off, the filtrate 
reduced by means of sulphuretted hydrogen, the excess of the latter 
driven off by carbon dioxide, and the iron estimated by titration with 
permanganate or by the method described on p, 582, which is less 
troublesome. * 

1 J Sac. Chem, Ind, 1902, 21, 12 and X22I. 
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Calcium Oxide. The combined filtrates from the sesquioxides are 
boiled and the calcium precipitated with ammonium oxalate. After 
standing for a short time the precipitate is filtered off, washed, and 
gently ignited in «a platinum crucible ; it is then dissolved in hydro- 
chloric acid, any alumina present precipitated by ammonia, the filtrate ‘ 
boiled, and the calcium again precipitated as oxalate. The precipitate 
is filtered off, ignited over the blowpipe, and weighed as CaO 
(cf p. 405). As an alternative, the excess of oxalate used for the 
precipitation can be titrated back with permanganate and the content 
of calcium oxide calculated indirectly. 

Magnesium Oxide. The two filtrates from the calcium are united, 
concentrated by evaporation, sodium -phosphate added, the liquid 
boiled, then allowed to cool and ammonia added, at first drop by drop, 
and finally in excess. The precipitation is carried out in a flask, which 
is shaken from time to time to facilitate the separation of the precipitate. 
After standing for two hours the precipitate is filtered off, dissolved in 
dilute hydrochloric acid, and the precipitation repeated as before. The 
precipitate is finally ignited over the blast and weighed as Mg 2 P 2 0 7 
\cf. p. 406). 

Sulphuric Acid. This is determined by dissolving 1 g. of the 
substance in hydrochloric acid, filtering, and precipitating the filtrate 
with barium chloride (cf p. 274). 

Sulphur. One g. of substance is fused with sodium carbonate and a 
little potassium nitrate, the;melt extracted with hot water, the solution 
filtered, acidified, and precipitated with barium chloride. 

There is no doubt that good results are obtained by this method of 
analysis; it is, however, questionable whether the several double 
precipitations are indispensable, as they render the analysis somewhat 
involved and tedious. 

Schoch has compared the method with his own, and found no differ- 
ences of any importance in the results, but he is of opinion that the 
weight of substance taken for analysis is too small ; the maximum 
difference observed was about '0-127 per cent. The drying of the 
evaporated silica at 1 10° to 1 1 5 0 is certainly avoided, but a double deter- 
mination of silica is thereby rendered necessary ; also, he regards the 
double precipitation of calcium as superfluous, as by his own method 
calcium tends to come out too low rather than too high. 

Stanger and Blount 1 advocate heating the evaporated silica to at 
least 200 0 for an hour. In this they seem to disregard the fact that 
ferric chloride becomes volatile at 120°. Hillebrand noted losses in 
silica up to 2 to 3 per cent, with this method of ignition. 

Stanger and Blount also lay stress on the desirability of having 
quite a thin layer of substance, on the dish in the drying^ operation, 

1 /. Soc. Chem. Ind 1 902 , 21 , 1216 . 
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which is certainly correct. They determine silica, sesquioxides, and 
calcium in separate portions of the sample. 'The filtrate from the 
calcium is evaporated with the addition of 40 to 50 c.c. of nitric acid of sp. 
gr. 1-4, and the ammonium salts are driven off by heating, for the 
determination of the magnesium. The residue thus obtained is dissolved 
in water and a little hydrochloric acid, and precipitated with sodium 
phosphate, after previously removing traces of silica, alumina, oxide 
of iron, or of calcium by the addition of a little ammonia and ammonium 
oxalate. The magnesium precipitate is burnt wet, a method which 
is certainly not in accord with general practice. 

Total Alkalis. According to Herzfeld, 10 g. of cement are ignited 
over the blast, extracted when cool with water, and carbon dioxide 
passed into the aqueous solution in order to precipitate the calcium as 
carbonate; the filtrate is then made slightly acid with hydrochloric 
acid, evaporated to dryness, and neutral ammonium carbonate added. 
The liquid is again filtered, the filtrate carefully evaporated, the 
residue gently ignited in a platinum dish or crucible, and the mixed 
chlorides weighed. 

Sodium and Potassium. The following method is recommended by 
W. Michaelis. Two g. of the finely powdered substance are moistened 
with water in a platinum dish, strong sulphuric acid and hydrofluoric 
acid (1 : 20) added, the whole evaporated on the water-bath, and the 
excess of free acid cautiously expelled by heating. The residue is 
dissolved in hot hydrochloric acid, and the aluminium, iron, and calcium 
precipitated together by the addition of ammonia and oxalic acid. 
The filtrate is evaporated to dryness, the ammonipm salts driven off, 
the residue dissolved in a very little water, about 20 c.c. of Schaffgotsch’s 
solution icf. p. 584) added, and the magnesium precipitate, after stand- 
ing for twenty-four hours, filtered off and washed with about 30 c.c. of 
the same solution. The filtrate is evaporated to dryness, gently 
ignited, taken up with water, made slightly alkaline with ammonia, and 
again filtered. The only metals then in solution are the alkalis, as 
sulphates. The solution is rinsed into a platinum crucible, carefully 
evaporated, gently ignited, and the weight of K 2 S0 4 +Na 2 S0 4 found. 

The contents of the crucible are then dissolved in dilute hydrochloric 
acid, platinum chloride added, and the whole evaporated down to 
about 1 c.c. The sodium platinichloride formed is dissolved in a 
mixture of three parts of absolute alcohol and one part of ether, the 
insoluble potassium platinichloride filtered off and washed with the 
same mixture. The filter and precipitate are then burnt and gently 
ignited in a current of hydrogen, whereby the potassium platinichloride 
is reduced to metallic platinum. The contents of the crucible are 
transferred to a second filter paper, and washed with the least possible 
quantity of water; the potassium chforide is thus extracted and the 
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residual metallic platinum dried, ignited, and weighed. The weight thus 
obtained is calculated to potassium sulphate. The weight of sodium 
sulphate is obtained by difference, from that of the $iixed sulphates. 

The methods of estimating potassium used in the potash industry are 
described on p. 5 20 ei se f 

Magnesium Oxide. Since a high percentage of magnesia throws 
suspicion of unsoundness upon a Portland cement, a separate estima- 
tion of magnesia is sometimes desirable. In this case the following 
procedure may be adopted. Two g. of the cement are decomposed 
with hydrochloric acid in a capacious porcelain dish, the solution diluted 
with water, heated to boiling, and the aluminium, iron, and calcium 
precipitated, together with part of the silica, by ammonia and ammonium 
oxalate. The liquid, including the suspended matter, is washed into a 
litre flask, cooled, made up to the mark, and thoroughly shaken. After 
settling, 400 c.c. of the clear solution are filtered off into a beaker, about 
80 c.c. of ammonia added, and the magnesia precipitated as usual with 
sodium phosphate. The whole operation takes from two to three hours. 
After allowing to stand overnight the magnesium precipitate is filtered 
off and ignited ; the results are correct to within 0-2 5 per cent. This 
method requires only twenty-four hours from start to finish, and is well 
adapted to the simultaneous testing of several samples. 

The Composition of Portland Cement. — The chemical composition 
of a good Portland cement is confined within the following somewhat 
narrow limits : — * 


Silica .... 

. 19 to 26 per cent. 

Alumina* 

4 to id 

* 

Ferric Oxide 

2 to 4 

>> 

Calcium Oxide . 

57 to 66 


Magnesium Oxide 

up to 5 

jj 

Sulphuric Acid . 

up to 2 

a 

Alkalis 

up to 3 

» 


Any appreciable divergence from these figures is almost always 
accompanied by unsoundness and* inadequate strength. 

In the standard specifications of various countries and municipalities 
a certain maximum percentage is assigned to some of these constituents. 1 
According to the British Standard Specification adopted by the Engineer^ 
ing Standards Committee 2 (1907), cement shall comply with the following 
conditions as to chemical composition : — “ There shall be no excess of 

1 Cf. Redgrave and Shackman, Calcareous Cements , p. 275 * Eckel ; Cements , Limes , and 
Plasters , p. 614. 

2 British Standard Specification for Portland Cement , Publication No. 12, revised June 1907, 
issued by the Engineering Standards Committee, p. 6. 

The Editor is indebted to the Engineering Standards Committee for their permission to- 
include the data from their British Standard -Specification for Portland Cement, and jo reproduce 
1 the illustrations of the forms of apparatus recommended. 
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lime — that is to say, the proportion of lime shall not be greater than is 
necessary to saturate the silica and alumina present; this proportion 
shall not be greater than the ratio (calculated in chemical equivalents) 
represented by : — „ * 

CaO _ 0 
Si 0 2 + A 1 2 0 3 ~ 5 

(CaO = 56; Si 0 2 = 6o; A1 2 0 3 ~io2). 


The percentage of insoluble residue shall not exceed 1*5 per cent; that 
of magnesia shall not exceed 3 per cent, and that of sulphuric anhydride * 
shall not exceed 2-75 per cent” 

The quality and preparation of Portland cement is defined in the 
specification as follows : — “The cement shall be prepared by intimately 
mixing together calcareous and argillaceous materials, burning them 
at a clinkering temperature and grinding the resulting clinker. No 
addition of any material shall be made after burning, except when 
desired by the manufacturer, and if not prohibited in writing by the 
consumer, in which case calcium sulphate or water may be used. The 
cement, if watered, shall not contain more than 2 per cent, of water, 
whether that water has been added or has been naturally absorbed from 
the air. If calcium sulphate is used, not more than 2 per cent, 
calculated as anhydrous calcium sulphate, of the weight of the cement, 
shall be added.” 

In the German Standard Specification, Portland cements are defined 
as : — € * 

“Products obtained from naturally occurring marls or from artificial 
mixtures of argillaceous and calcareous substances by calcination to 
incipient vitrification and subsequent comminution to a state of powder, 
and which contain at least 17 parts by weight of lime to one part by 
weight of hydraulifactors. For the regulation of technically important 
properties, foreign substances to the amount of 2 per cent, by weight may 
be added without altering the designation of the product.” 

Gypsum serves to regulate the time of setting, which is retarded by 
the interaction of its sulphuric acid with the, alkalis in the cement. 
Water acts similarly, and thus many cements show an ignition loss up 
to 3 per cent., though this includes carbon dioxide as well as water. 

the German definition of Portland cement, only the lower limit 
of the proportion of lime to hydraulifactors (ie. of the hydraulic 
modulus) is laid down. The upper limit is usually about 2*2 for artificial 
Portland cements ; for natural Portland cement it may reach 2*4. 
According to the Russian Standards, the hydraulic modulus is calculated 
according to the formula : — 


r> 


CaO + K,0 + Na ,0 , 
Si 0 2 + Al 2 O s + Fe 2 0 3 


= 1.7 to 2.2 or 2.4. 
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As regards the properties which a cement may exhibit within the 
limits of the hydraulic modulus, details have been given under “Clay,” 
p. 691. Certain properties, such as time of setting* and to some extent 
also permanency* of volume, can thus be deduced from a chemical 
analysis. 

% Clinker ; In a more exhaustive examination of Portland cement, it 
is often desirable to take into consideration not only the cement itself, 
but also the clinker from which it was derived. 

The mere appearance of the clinker affords some data for the 
valuation of the cement. Clinker should have a greenish-black , colour ; 
if it is chocolate-brown, either incomplete clinkering is indicated, or an 
addition of fluor-spar before burning,* with the object of facilitating 
clinkering and ensuring stability of the clinker. In the latter case the 
structure of the clinker is quite dense. A light yellow colour proves 
that the limestone has scarcely advanced beyond disengagement of its 
carbon dioxide. Such products are said to be under-burnt; both in 
colour and in general properties they very much resemble Roman 
cement, and generally set very rapidly. In contrast to well-burnt 
clinker they do not stand sprinkling with water, but fall to a wholly 
worthless powder; this indicates that the lime has not entered into 
reaction with the hydraulifactors. Well-burnt clinker should show as 
little tendency to dusting as possible ; a decided tendency to dusting 
points to faulty (usually excessive) calcination, and also to incorrect 
chemical composition of the slurry. Over-burnt clinker is of dense, 
basalt-like structure and frequently vitreous in appearance. Such 
clinker is of little wilue ; when this stage has been passed, however, and 
complete fusion has been brought about, a cement is obtained which, as 
Michaelis has shown, is of excellent quality. 

Normally the process of burning is so conducted that the calcium 
carbonate first gives off its carbon dioxide at 700 0 to 900°, and then the 
calcium oxide reacts upon the clay in much the same way as fused 
alkalis. 

Ask and Slurry. During and in consequence of the calcination, 
cement is always more' or less mixed with, and modified by, cinders and 
ash from the fuel, ff for a normal calcination, about 18 parts of 
fuel are used for every 100 parts of clinker, and there is only 10 to 12 
per cent, of ash in the former, there will be as much as 2 per cent, of ash 
in the finished cement. In an accurate examination, therefore, of the 
composition of the substances used in the manufacture of a given cement, 
it is advisable to take the ground and mixed raw materials (z>. the 
slurry) as basis. In the actual manufacture it is also customary to 
control the composition of the slurry by rough analytical checks; 
calcium carbonate is estimated *by the calcimeter, as in tjie case of 
limestones, and clay by determining the insoluble matter. The content 
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of calcium carbonate varies between 74-5 per cent, and 76-5 per cent., 
to which 1 per cent, is generally to be added for magnesium carbonate ; 
the insoluble silicate^ therefore amount to from 20 to 22 per cent. 

Finished Cement is a more or less dark grey powder, slightly tinged 
with green. Lighter or darker shades of colour are produced according 
to the relative proportions of silicate and ferric oxide present. Thus 
cements in which the clay is replaced by blast-furnace slag are usually 
very light grey, with a tinge of blue, due to manganese compounds. 
Brown discolorations in ordinary Portland cement indicate either an 
addition of fluor-spar to the slurry, or else faulty burning due to a 
reducing fire. Powdered Portland cement, in contradistinction to Roman 
cement, always feels gritty. 

Examination of the Physical Properties of 
Portland Cement 

Specific Gravity. — The specific gravity of freshly burnt or re-ignited 
cement is not less than 3-0 and in most cases lies between 3*1 and 3-2. 
According to the British Standard Specification, 1 “ the specific gravity of 

cement when freshly burnt and ground, 
shall be not less than 3-15; or 3-10 
when it can be proved to the satisfac- 
tion of the engineer (or purchaser) that 
the cement, has been ground for four 
weeks.” 

The specific gravity can be deter- 
mined in the usual way by means of 
the pyknometer. For technical pur- 
poses, however, certain special instru- 
ments, of which the following are the 
most important, have come into general 
use. 

Schumann's Volumeineter (Fig, 155). 
This consists of. a glass vessel with a 
narrow mouth, into which a glass tube 
graduated from o to "40 c.c. is accurately 
ground. To make a determination, 
the graduated tube is slightly greased 
at the lower end, firmly inserted into 
the neck of the vessel and the apparatus 
filled with petroleum spirit to the zero mark, or a little over. One 
hundred g. of cement are then introduced in small portions at a time, 
choking of the tube being prevented by cautiously tapping the apparatus. 

1 Loc . czV., p. 5. 
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When all the cement has been added it is allowed to stand for two or 
three minutes and the increased height of liquid read off. For example, 
if the two readings are i-8 c.c. and 33-40.0. respectively, 100 g. of cement 
will have displaced 33-4- 1*8 = 31-6 c.c.; hence the specific gravity is 3-16. 

In order to avoid the choking of the measuring tube, Suchier has 
mdtfified Schumann’s apparatus by inserting a bulb, d, in the tube (Fig. 
136); a stoppered bulb, f, is also added at the top of the tube, so that 
adherent particles of cement can be washed down with the liquid. The 
whole apparatus is shorter and more compact than that of Schumann. 



P. Beck has proposed the use of carbon tetrachloride in place of 
petroleum spirit ; Schoch does not regard this suggestion as an improve* 
ment. 

The apparatus devised by Erdmenger and Mann (Fig. 1 57 ) ver Y 
convenient. It consists of a WoulfPs bottle, of which the one tubulure 
carries a measuring tube of SO c.c. capacity and the other is connected 
with a rubber hand-pump. The lower 20 c. c. of the measuring, tube 
are divided into c.c., whilst the upper 30 c.c. are contained in an, 
ungraduated, bulb. The tube is fi,xed to a stand and is surrounded by a 
water-jacket provided with an exit-tap ; it extends to near the bottom 
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of the WoulfPs bottle and has a narrow tube inside, of which the upper 
open end coincides with the 50 c.c. mark ; the lower end of the measur- 
ing tube is closed by a stopcock. By this device the apparatus is 
always ready for use. The liquid employed for the test is pumped, 
by means of the rubber ball, from the bottle up the inner tube 
and so into the measuring tube ; the excess drains off through the 
former and leaves the level at 50 c.c. in the latter ; a known volume of 
liquid can then be drawn off through the stopcock. 

In making a determination, 50 g. of cement are weighed into a flask 
marked to contain 50 c.c,, and so much liquid introduced from the 
automatic burette as is necessary to fill the flask to the 50 c.c. mark. 
The volume of liquid remaining behind is then read off, and the specific 
gravity calculated as with Schumann's apparatus. 

The instruments described above may be used with other material 
than cement; that devised by F. M. Meyer is applicable only to 
Portland cement. This (Fig. 158) consists of a thick- walled barometer, 
tube graduated from 9-0 c.c. to io-o c.c., which is provided with a stopcock 
at the top and with a zero mark, m\ at the bottom. The tube is 
connected by rubber tubing with a filter flask, into the neck of which a 
funnel tube having a mark m is accurately ground. 

About no c.c. of alcohol (methylated spirit which is kept over 
Portland cement) are poured into the measuring tube from the top, the 
marks m and in brought to the same level by raising or lowering the 
filter flask, and more alcohol carefully introduced until the level stands 
at mm\ The flask js then raised so as to bring the alcohol nearly up to 
the stopcock, again' lowered, and the level of <the liquid carefully 
readjusted. 

To determine a specific gravity, the outer edge of the filter flask is 
wiped dry with filter paper, the flask raised until the alcohol stands 
nearly under the stopcock, and the stopcock closed. The stopper of the 
flask is then taken out, 30 g. of cement introduced and shaken up, the 
stopper inserted, the stopcock of the r barometer tube opened, and the 
level of the alcohol adjusted to in . After three minutes the level is 
readjusted and the volume of the cement reacl off on the barometer 
tube. From this volume the specific gravity is calculated by the 
formula : — 

W 

Y 

or it may be obtained by reference to table on page 701. 

Schoch is of opinion, as the result of over a hundred comparative 
determinations, that the Schumann volumemeter gives as good results 
-as the others; it is simple in manipulation, and has the additional 
advantage that a larger quantity of substance can be used for the test. 

In addition to the determination of the true specific gravity, the 
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determination of the bushel-weight, either loose or shaken down, is still 
in use, especially in France. This test is quite fallacious. Products 
which are finely ground, and therefore better prepai'ed, will always show 
a smaller bushel-Veight than coarse samples ; also, the deduction, for 
instance, of hectolitre-weight from litre-weight is wrong, because in a 
larger vessel the cement packs itself more closely, and so gives a 
relatively higher weight. 


Specific Gravity of Cement. 

Weight of substance taken =30 g. ; volume of alcohol displaced given in c.c. 


C.C. 

Sp. Gr. 

c.c. 

Sp. Gr. 

c.c. 

Sp. Gr. 

C.C. 

Sp. Gr. 

9*00 

3*333 

9*30 

3*226 

9*60 

3*125 

9*90 

3*030 

1 

3*330 

1 

3*222 

1 

3*122 

1 

3-027 

2 

3*326 

2 

3*219 

2 

3*119 

2 

3*024 

3 

3*322 

3 

3*215 

3 

3*115 

3 

3*021 

4 

3*319 

4 

3*212 

4 

3*112 

4 

3*018 

5 

3*315 

5 

3*209 

5 

3*109 

5 

3*015 

6 

3*311 

6 

3*205 

6 

3106 

6 

3*012 

7 

3*308 

7 

3*202 

7 

3*102 

7 

3*009 

8 

3*304 

8 

3*199 

8 

3*099 

8 

3-006 

9 

3*300 

9 

3*195 

9 

3*096 

9 

3*003 

9*10 

3-297 

9*40 

3*191 

9-70 

3*093 

10*00 

3*000 

1 

3*293 

1 

3*188 

1 

3*090 

1 

2-997 

2 

3*289 

2 

3*185 

2 

3*086 

2 

2*994 

3 

3*286 

3 

3*181 

3 

3*083 

3 

2*991 

4 

3*282 

4 

_ 3*178 

4 

3*080 

4 

2*988 

5 

3*279 

5 

3*175 

5 

3*077 

5 

2*985 

6 

3*275 

6 

3*171 

6 

3*074 

6 

2*982 

7 

3*272 

7 

3*168 

7 

3 * 071 - ' 

7 

2*979 

8 

3*268 

8 

3*165 

8 

3*068 

8 

2*976 

9 

3*264 

9 

3*161 

9 

3*064 

9 

2*973 

9*20 

3*261 

9*50 

3*158 

9*80 

3*061 



1 

3*257 

1 

3*155 

1 

3*058 



2 

3*254 

2 

3*151 

2 

3*055 



3 

3*250 

3 

3*148 

3 

3*052 



4 

3*247 

4 

3*145 

4 

3*049 



5 

3*243 

5 

3*141 

5 

3*046 



6 

3*240 

6 

3*138 

6 

3*043 



7 

3*236 

7 

3 * 13 £ 

7 

3*040 



8 

3*233 

8 

3*132 

8 

3*036 



9 

3*229 

. 9 

3*128 

9 

3*033 




Degree of Fineness of Cement and Sand. As stated above, tKfe 
degree of fineness of cement, both in the finished state, and especially 
in the condition of slurry, is of the highest importance. The more 
finely the raw materials are ground, the more intimately will they be 
mixed and the more complete will be the mutual reaction of the particles 
during burning. Fine grinding of the raw materials is indispensable 
when they contain quartz sand. Similarly, the finer the particles of the 
finished ceiiient are, the more intimately will they enter into contact with 
each other and with the sand. It is to be borne in mind that lightly 
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burnt clinker is more easily ground than hard burnt clinker, but that 
the latter yields the better cement. 

The usual methSd of testing the fineness of the raw mixture or of 
the finished cement is by means of a series of sieves of definite mesh per 
unit area. c 

In Great Britain there is no obligatory standard for Portland cement, 
but the tests agreed upon by the Engineering. Standards Committee for 



Fig. 159. 


the British Standard Specification 1 are now generally known as 
•“ Standard.” 

The sieves specified under this test contain 5776 and 32,400 meshes 
per sq. in. respectively. The wire of which the coarser sieve is made is 
•0-0044 inch, and that of the finer sieve 0-002 inch in diameter. The 
quantity of cement used for a determination is 100 g. After sifting 
■continuously for fifteen minutes, “ the fesidue upon the 577^-mesh sieve 

1 Loc, cit p. 5. 
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should not exceed 3 per cent, and that upon the 32,400-mesh sieve 
should not exceed 18 per cent.” 

Raw materials should be ground sufficiently finely to completely 
pass a sieve with 5807 meshes per sq. in., and the residue upon a 31,611- 
m^h sieve should not exceed 1 5 per cent. 

• In Germany sieves are used containing 4900, 2500, and 900 meshes 
per sq. cm., equivalent to 31,611, 16,118, and 5807 meshes per sq. in. 
respectively. Average slurry should be so finely ground that it passes 
* the 900-mesh sieve completely and leaves not more than 15 per cent, of 
residue on the 4900-mesh sieve; for cement, 1 to 2 per cent, may be allowed 
on the 900 and 20 per cent, on the 4900-mesh sieve. 

When materials have been ground by friction 
or attrition, the use of sieves for separating particles 
of different sizes gives good results. Where, how- 
ever, reduction takes place wholly or partially by 
impact, as in ball mills or mortars, flakes are 
formed which may be composed of extremely fine 
particles, but which will not pass through the sieve. 

In such cases it may be necessary to break up the 
flakes in order to get a correct estimate of the 
quantity of fine particles. This source of error 
is somewhat diminished by effecting the separa- 
tion by means of a current of air. A convenient 
form of apparatus based on this principle is the 
Griffin-Goreham Flourometer , the general arrange - -* 
ment of which is shown in Figs. 159 and 160. The 
supply of air as well as the pressure is regulated 
by a small gas-holder which contains sufficient air 
for one test; the pressure of the air supply is 
indicated by a small pressure-gauge. The duration Fig . 160 . 

of the test is about ten minutes. The air supply 
passes from the gas-holder to the bottom of the conical receptacle F, 
Fig. 160, into which 10, g. of the cement to be tested have previously 
been placed. The fin<*r particles of cement, the so-called “ flour,” are 
carried away up the tube T, while the coarser grains fall into the 
receptacle R on the cessation of the air pressure, and are then weighed. 
Should the test be carried out in the open, the tube T communicates 
direct with the atmosphere into which the dust escapes, but if the test 
is made in the laboratory a covered cap is used. This consists of two 
concentric cylinders of perforated zinc between which cotton wadding, 
W, is loosely packed. The dust filter should be cleaned from time to 
time so as to prevent any diminution of the force of the air current? 
The apparatus can be standardised either by means of sieves^r by an 
actual microscopic measurement of the coarser particles. 
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The Sand used for testing purposes should be of uniform size of 
grain, although in practice sands consisting of grains of various sizes 
give a denser mortaf and require less cement. In order that the results 
obtained may be uniform, it is advisable to use sand from the same 
source for all tests. In England, Leighton-Buzzard sand is in general 
use. It is washed, dried, and sifted through two sieves of 400 and 900 
meshes per sq. in., made of wires 0*0164 ‘ mc h and 0*0108 inch in diameter 
respectively. Only that sand which remains between these two sieves 
is used for testing purposes. 1 

Hydraulicity. — The most important test for Portland cement is that 
for hydraulicity, i.e. its power of resisting the action of water to which it 
may be exposed. The first operation in carrying out this test consists 
in mixing the cement with sufficient water to produce a paste. This 
mixing or “ gauging” must be done thoroughly, so that the paste 
produced is as homogeneous as possible. The water used should be 
fresh and free from muddy particles. The proportion of water required 
varies with different samples of cement, but the consistency of the paste 
should be such that it will slide off the trowel In a compact mass and 
can be moulded to a ball in the hands. A rough test of hydraulicity 
may be carried out by making a cake or pat of the mortar, and after 
allowing it to set for twenty-four hours, immersing it in water. To 
make quite sure of the soundness of a cement by this method would, 
however, require a considerable length of time, as some cements do not 
crack or “ fly” for some months after gauging. The tensile test is there- 
fore employed ; by this means a good idea of the quality of the cement 
may be obtained in about twenty-eight days. # 

The amount of water required for mixing with any given sample 
of cement may be roughly determined by moulding mortars containing 
varying percentages of water into balls and dropping these on to a hard 
surface from a height of 50 cm. ; no appreciable quantity of the material 
should adhere to the hands during the moulding, and the balls should be 
merely flattened and show no cracks after having been dropped. More 
accurate tests are necessary in the laboratory. One of the best methods 
consists in enclosing the cement paste in a cylindrical box and allowing 
a piston of 1 sq. cm. diameter, under a weight of 300 g., to sink into it, 
the extent of the penetration being read off on a scale. The height of 
the box, and therefore of the paste within it, is 40 mm., and the scale is 
accordingly divided from o to 40, reading upwards. The right pro- 
portion of water with which the paste is considered to be at standard 
consistency is when the piston penetrates to, and remains at, a depth of 
5 to 7 mm. Fresh mixtures are made with varying proportions of water 
nntil this consistency is attained. 

Somefrise of temperature may occu? during the tempering or gauging 

1 Cf. British Standard Specification , toe. cit ,, p, 7. 
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of cement, especially with quick-setting cements, or with those fresh 
from the kiln. Any rise of temperature above 12 0 should be looked on 
with suspicion. Cement which has once set should ‘hot be re-mixed for 
testing purposes. 0 

In all setting tests the cement paste in its box, or the pat on its 
glass plate, must be kept covered by a watch-glass to avoid premature 
drying. The pats must always be surrounded by an equally moist 
atmosphere during the test. If this precaution is not observed, a 
• fallacious, t\e. too short, time of setting may result, or else the pats may 
develop cracks due to desiccation, which are often mistaken for cracks 
due to blowing ; the former cracks are generally spiral and do not gape 
at the surface. They arise from the rapid drying of the surface, with 
which the interior of the pat cannot keep pace ; this brings about 
internal strains which relieve themselves by the formation of cracks. 

Further, the temperature of the air and of the water used in gauging 
are of considerable influence on the time of setting. High temperatures 
accelerate it greatly, low temperatures retard it. The temperature 
should be kept between 58° and 64° F. 1 (14-4° to 17*8° C.). 

In the case of extremely rapid-setting cements it may easily happen 
that setting begins when the cement is first tempered. In these circum- 
stances a second, but less marked, setting is often noted. Cements of 
unknown properties are therefore first examined by tempering them 
with a large quantity of water, and watching for the appearance of a 
crust. Very rapid-setting dements are best allowed to stand in the 
open, or are toned down with a little water or plaster of Paris, before 
testing, but frequently the usual direct test is purposely asked for. 

Quick-setting cements usually require a greater proportion of water 
in tempering than normal and slow-setting cements. In general, 
the admixture of water varies between 25 and 36 per cent., and only 
rises to 40 per cent, for perfectly fresh cements or exceptionally rapid- 
setting products. According to the British Standard Specification, “ the 
quantity of water used in gauging shall be appropriate to the quality 
of the cement and shall be so proportioned that when the cement is 
gauged it shall form a ^smooth, easily worked paste, that will leave the 
trowel cleanly in a compact mass.” An excess of water must be avoided ; 
in this case the cement is “ drowned” in the same way as quicklime 7 
that is, it is greatly hindered in developing its mechanical properties. 

The two most important properties of good cement are soundness 
and mechanical strength. Cement, whether neat or mixed with sand, 
must permanently retain the shape into which it has been moulded and 
has set, without becoming soft, or warping or cracking, or, above all, 
disintegrating. Moreover, it must attain, in hardening, as great a* 
strength as* possible. These tw^ points practically embrace all the 

1 Cf. British Standard Specification , p. 6, 
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requirements of a cement with regard to its fitness as a binding 
material. 

Time of Setting*. — The time of setting of cements may vary from 

five minutes to six or sdven hours or more. 
It is determined by means of a Vicat 
needle (Fig. 161) ; the form recommended 
by the Engineering Standards Com- 
mittee 1 is shown in Fig. 162. The needle 
C of the latter has a flat end T V in. square,- 
and weighs in all, exclusive of the flat 
lifting ring, 2 \ lbs. It is applied gently 
To the surface of the paste, and the cement 
is considered as finally “set” when the 
point fails to make an 
impression ; the time of 
setting is thus deter- 
mined. When tested in 
this way, a cement which 
sets in from ten to thirty 
minutes is termed 
“ quick ” ; from half an 
hour to two hours, 

“ medium ” ; and from 
two hours to r seven hours 
“ slow” As temperature has much influence on the 
rapidity of setting of cements, it is advisable to conduct 
all tests of this kind at a temperature of from 58° to 
64° F* (14.4 0 to 17-8° C). 

Tests for Permanency of Volume. — During the 
setting, especially at a high temperature, there is usually 
a slight expansion of the cement, the measurement of 
which is of great importance. The simplest apparatus 
for determining the amount of this expansion is that 
of Le Chatelier, in which the paste is placed ir^a split 
metal tube and the extent to which the tube is ex- 
panded measured by two indicators. 

The form of this apparatus as adopted by the 
Engineering Standards Committee 8 is shown in Figs. 

163 and 164, The split cylinder is made of spring 
brass or other suitable metal 0*5 mm. (0*0197 in.) in 
thickness ; the dimensions of the mould and the distance of the indi- 
cators A A from the centre of the cylinder are given in the figure. 

A fc^rn of the same apparatus in -which the expansion* can be read 

1 Locs aU , p. 7. 2 Cf. British Standard Specification , p, 7. * Loc. cii., p. 8 . 
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off on a scale fixed to one of the indicators, can also be used for this 
test. 

The method specified for carrying out the test iS to place the mould 
upon a small piece of glass and fill it with the gauged cement, keeping the 
edges of the mould together during the operation. The mould is then 
covered with another glass plate upon which a small weight is placed 
and the whole immersed for twenty- four hours in water at the normal 
temperature (58° to 64° F.). After measuring the distance between the 
» indicator points, the mould is placed in cold water, which is brought to 



Fig. ies. Fig. 164. 

the boiling-point in from fifteen to thirty minutes and kept boiling for 
six hours ; after cooling, the distance between the points is agai?l 
measured. The difference between the two measurements represents 
the expansion of the cement, which should not exceed io mm. in the 
case of cements that have been aerated for twenty-four hours or 5 mrn * 
with those that have been aerated for seven days. 

A more accurate apparatus for testing the amount of expansion is 
that of Bauschinger 1 (Fig. 165). . * 

This consists of a brass frame? A, to one side of which is attached a 

1 Mitteilung , . a . d, Meehan, tech . Laboratonum der tech . Hockschule , Munich^ 8, 13 * 
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delicate micrometer screw, on the scale B of which hundredths of a 
revolution can be read off and thousandths estimated ; whole revolu 
tions are registered by the scale C. On the other arm of the frame is 
the fulcrum of a right-angled lever, D D, the short artfi of which ends in 
a blunt steel point, while the longer one bears an indicator which is 
pushed towards the left by means of a spring, E. This spring is fi£ed 
to an upright which also carries the small scale F. The micrometer 
screw terminates in a blunt steel point. The two steel points fit into 



Fig. 165 . 


aepressions in two small cones which are let into the test pieces. In 
order that these contacts may be made without lateral pressure, the 
frame A is suspended from the middle of its cross-bar, by means of the 
ass wire H, to a beam, so that it can move easily either up or down or 

H Th “ by “Wrings * each end of the wbe 

A™., frame ‘‘f fcai ; rota « on • horizontal axis by means of two 
pointed screws. The other end of the beam is provided with an 

TheS^meterT^ 1 ^ -° b K alance ‘ the of the Mole frame. 

The micrometer screw having been applied to the test piece, is moved 
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forward until the longer arm of the lever points to the centre of the 
scale. It may then be assumed with certainty that the steel points of 
the screw and of the indicating lever stand in contact with the test 
piece under a definite pressure equal to that of the spring E, and the 
micrometer can then be read off. The adjustment of the indicating lever 
mftst always be carried out from one side, eg., by turning the screw 
forwards, so as to eliminate the back-lash of the latter. 

It is important that ’the measurements be carried out at, or be 
» reduced to, one and the same temperature; the correction for ± i° is 
± *o 02 scale divisions. The test pieces should be kept in air or water 
at the ordinary temperature for at least three hours before measurement. 

The test piece is a prism of square section 95 cm. long; twenty-four 
hours after moulding, it is fitted with the contact cones, and the first 
measurement is made forty-eight hours after moulding. Care must be 
taken, in consecutive measurements, to insert the test pieces with 
uniform precision and always in the same position. 

The zero point of the micrometer scale corresponds to a gap of 
95-000 mm. ; each turn of the screw is equal to one scale division = 0*500 

mm., and each drum division = = *005 mm. 

100 J 

If the length of a test piece were ioo-ooo mm., io-ooo scale divisions 
would accordingly be read off, whence the length would be calculated as 
10x0*500 + 95*000=100*000 mm. A standard ioo-ooo mm. measure, 
consisting of a steel rod fnounted in wood, is supplied for purposes 
of control. 

Accelerated Tests for Permanency of Volume. — Of the many more 
rapid or accelerated tests for permanency of volume, each of which 
has advantages in special cases, the following may be mentioned : — 

HeintzePs Calcining Test About 150 g. of cement are mixed with 
sufficient water to produce a paste that can be rolled into a ball in the 
hands. In most cases about § to f of the amount of water necessary to 
produce a paste of standard consistency will suffice. The ball thus 
produced is placed immediately upon either a piece of wire gauze or an 
iron plate and heated for three hours with an ordinary Bunsen burner. 
Unsound cement will flake off and crack more or less on the under side 
of the ball. The chief advantage of this test is that it will show, in «a 
very short time, whether a cement is sound, but it would not be safe to 
assume that a cement which does not pass so severe a test is necessarily 
unsound. 

Roasting Test . A paste is made with 75 g. of cement and sufficient 
water to produce the normal consistency, and moulded into a sphere by 
means of a round spoon. The ball is placed upon a thin piece of glass, 
which is jarred until a cake is formed about 10 cm. in diameter and 
I cm. thick. The edges of the cake should not be too thin. The cakes 
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thus prepared should be kept in moist air until set, or for twenty-four 
hours. They are then immersed in water until saturated, and placed 
upon an iron plate, where they are heated for three hours at a tempera- 
ture of i8o° to 2io°. This test may be modified by covering the cake 
with a watch-glass at the commencement of heating, so that it is 
surrounded by steam at the beginning of the test & 

Boiling Test. This test, which is usually associated with the name 
of Michaelis, is carried out with pats or cakes made as in the preceding 
test These are placed in a vessel full of cold water, and covered with a * 
watch-glass; the water is then heated to boiling for three hours. 
Under this treatment unsound cement will crack or even fall to pieces. 

The causes of “ flying ” or -S£ blowing ” are very varied, and include 
too coarse grinding, defective mixing of the raw materials, imperfect 
burning, too high a percentage of sulphates, or too much lime. 
Magnesia, when present in quantities greater than 5 per cent, is said to 
cause “ flying,” but the proof of this has not yet been conclusively 
established. 

Tetmajer's investigations on the tests for P 'ermanency of Volume . The 
numerous experiments of Tetmajer 1 on permanency of volume have 
established the following points with regard to the soundness of 
cements : — 

1. Portland cements which stand the ordinary pat tests well, both in 
air and in water, show equally good behaviour under accelerated tests. 

2. Portland cements which, in the air te?st, crumble, develop cracks, 
or fall to powder, invariably fail in the accelerated tests. 

3. Portland cements which disintegrate after about three hours in 
the boiling test, or warp, crack, or lose coherence in the roasting test, 
or develop the characteristic fissures in the calcining test, break down on 
exposure to air, frequently after not more than six months. 

4. Portland cements which fail in the boiling and roasting tests 
do not stand either exposure to air or to water. With these cements the 
first signs of unsoundness often make,, their appearance after very few 
days, and decay sets in rather more rapidly under water than in air. 

5. Faultless behaviour under water by no means implies the same 
in air. There are some Portland cements which keep well under water 
but begin to disintegrate gradually in air, though perhaps only after 
a long time. 

Increase of Volume on mixing with Sand. — The increase of 
volume of sand-cement mixtures is determined with the same apparatus 
as is employed in testing the increase of volume in slaking lime (cf 
Fig. 1 5 1, p. 670), and the test is similarly carried out except that 
the heating on the water-bath is dispensed with. One hundred g. 
of the cement are mixed with the various proportions of sand, i.e., 

1 Hydraulische Bindemittel \ 1893, pp, 230-231. 
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2 oo, 4 oo, 500, etc, g., the mixture charged into the box, and water 
added little by little, with continual tapping, until a paste is formed 
which leaves a few c.c. of water on the surface. ,The water is then 
cautiously removed by means of absorbent paper, and the vessel covered 
with a watch-glass, and left for twenty-four hours. Then 200 c.c. of water 
areiadded from a pipette and the volume of the cement paste read off 
directly. 

Permeability to Water. — This property is determined by means of 
the apparatus shown in Fig. 166. 1 It consists of a reservoir in the shape 
of a short bent tube with a cast-iron cap, which carries a graduated 
glass tube divided into c.c. The test 
piece, protected by two rubber washers 
of cm. internal diameter, is clamped 
between the reservoir and the cap. 

The reservoir is provided with a man- 
ometer and ends in a flange, by means 
of which it is connected with a water 
supply having a head of at least 41- 
atmospheres pressure. The apparatus 
is solidly mounted on a concrete bed. 

A T-piece with a stopcock is interposed 
between the reservoir and the water 
supply for the purpose of emptying the 
apparatus and of regulating <the pressure 
of the water. During the test this 
stopcock is half opened, and thus allows 
part of the water to run off ; by this 
means a fairly uniform pressure is main- 
tained. The test pieces are gauged by 
hand. The cement is mixed with a 
definite proportion of sand and patted 
into a brass ring of 7*2 cm. internal 
diameter and 2*0 cm. height ; after twenty-four hours the test pieces are 

laid under water. 

To carry out the te§t, the discs of cement are saturated with water 
under the receiver of an air-pump and then inserted, together with the 
brass moulds, into the apparatus, which has been previously charged 
with water. The upper part of the apparatus is filled with water from a 
pipette or rubber tube up to any desired mark on the measuring tube, 
the reading taken, and the water turned on. After 1, 2, 4, 8, 24, etc., 
hours, readings are again taken, and the results expressed in terms o 
unit time and unit water pressure. # 

If a water supply of adequate head is not available, the small 

1 Cf* Tetmajer, HycLraulische Bindermttel^ I& 93 ) PP* 109-11* 



Fig. 1 66 . 
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St! d * M ' Ch f US> WWch faidy satisfactory results 
may be employed (Fig. 167). In this apparatus the vacuum is obtaTned 
euther by mercury or by an air-pump. It consists of a glasTcyhnde A 
provided with two tubulures and a ground flange on which t We * ■ A ’ 

Oh attached by means of a rubber stopper. This tube is graduated 



communicates laterally with a 

an COnneCted one side «“> 

Tn ' g ' d h ther Slde Wlth a sma il mercury gauge a 

t “ w 

rubber lusher of 20 sq. cm. sectional arST The * ght ^ & 

of the apparatus are then „i 4 • . The remaimn ? portions 

pparatus are then placed m position, the measuring tube 
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filled with water and adjusted to zero, and the funnel tube closed by 
a clip. 

The lower glass vessel is then evacuated by mea>ns of the air-pump. 
Under the pressure of the 
atmosphere the water is 
thife forced through the 
test piece, and the amount 
which has penetrated can 
* be read off at intervals 
from the measuring tube 
and calculated per i sq. 
cm. 

The Amsler-Laffon ap- 
paratus (Fig. 1 68) is also 
independent of a water 
supply. It consists of an 
accumulator charged with 
compressed air, which 
drives water from below 
through the test piece ; the 
latter is fixed at the top 
of the accumulator and the 
water which passes through 
collects in a glass tube ? 
graduated in c.c. The 
pressure within the accum- 
ulator is indicated by a 
manometer. The accum- 
ulator is filled with air' and 
water, with the aid of a 
hand-pump; a continuous 
and uniform pressure upon 
the test piece is thus 
secured. No replenishment 
of the compressed air is 
required, except when 
higherpressuresare desired, 
as there is no leakage of 
the contained air. The 
effective area of the test 
pieces, through which alone 

water can escape, is a circle of 5 cm. diameter; they may be 2, 
or 4 cm. thick. ^ 

Resistance to Frost. — For this test a refrigerator of the Linde 



Fig. 16S. 
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type is used, giving temperatures down to - 30° ; any other good form of 
refrigerator can be employed. 

Cubes of 7 emu length are used as the test pieces, which are 
saturated with water in vacuo and allowed to remain* for twelve hours 
under water ; they are then placed for four hours in the refrigerator, 
preferably enclosed in tightly fitting zinc covers. They are then dipped 
again in water to make up for superficial evaporation and again kept at 
about -20° for four hours. The test pieces are then thawed overnight, 
in water at the ordinary temperature, and on the following day again * 
frozen, twice successively, for periods of four hours. This alternate 
freezing and thawing is repeated twenty times. Finally the test pieces 
thus treated are subjected to thfc crushing tests, and the results compared 

with those obtained with un- 
frozen specimens of the same 
material. 

Abrasion Test. — To deter- 
mine the resistance of a cement 
to abrasion, the rotating disc 
apparatusdevised by Bauschinger 
(Fig. 169) is employed. The 
disc A, which is 3 cm. thick and 
122 cm. in diameter, is trued to a 
plane surface, and revolves upon 
a vertical spindle. The upper 
bearing of this spindle carries 
two radially movable arms, 
reaching about 3 mm. above the 
disc, which serve to hold the test 
pieces B. By means of two weighted levers, C, pressures up to 30 kilos 
can be placed upon the test pieces, which are ground down with Naxos 
emery on a track of 50 cm. radius. The number of revolutions (200) is 
automatically controlled. The test pieces are weighed to within a 
decigram before and after treatment. The loss of weight represents 
the degree of abrasion ; this is fairly large at the outset, but decreases 
considerably in the course of time. 

MECHANICAL TESTS FOR PORTLAND CEMENT 

The utility of Portland cement is mainly due to the very considerable 
hardening which it undergoes after the initial setting, either neat or 
with admixtures. The strength attained by Portland cement' in con- 
sequence of this hardening, which is particularly vigorous in the 
earlier stages, places it far above all other binding materials. This is 
in accord with the rule that the strength of such a material increases 
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with its density ; a dense material yields a dense, and therefore strong, 
product. 

Thus the strength of a Portland cement is largely conditioned by 
the degree of condensation brought about in burning. This is gauged 
by determining the specific gravity. But the hardening properties, and 
consequently the strength, of a cement also depend on other factors, 
among which the chemical composition is of special importance. The 
higher the percentage of lime within the admissible limits, the greater 
*is the initial hardening, whereas a highly siliceous cement, though 
weaker at the outset, attains a greater ultimate strength. Cements con- 
taining much iron show inferior mechanical strength ; calcium ferrate 
is attacked by water, whilst calcium silicates and aluminates, especially 
the mono-compounds, are very resistant towards water. 

The water used in tempering is not without influence, inasmuch as 
hard and carbonated waters produce greater strengths, soft waters lesser 
strengths. Sea-water, owing to its content of sulphuric acid as 
magnesium sulphate, has a decomposing effect. 

The time of setting, again, is a determinant factor, since quick setting 
favours low strengths, and slow setting, high strengths. The fineness of the 
cement also plays a part, provided the original clinker was fully burnt. 

Further, the nature of the sand mixed with the cement influences 
the strength ; clear sand, free from clay, having sharp edges and 
corners, and of mixed grades of fineness, is the most favourable. 

Owing to the powerful condensing effect of the burning process, the 
neat strength of cement is so high as to differentiate it from other 
binding materials. Neat tests are accordingly often made merely with 
the object of identifying a cement as Portland cement. The crushing 
strain more especially adapts itself to this purpose. 

The following mechanical tests are applied to Portland cement : — 

1. The tensile strain. 

2. The crushing strain. 

3. The adhesion. 

4. The bending strain. 

The Preparation of 'the Test Pieces. — To prepare the test pieces, 
neat cement or the sand mixture is thoroughly incorporated with the 
required quantity of water. Test pieces of unmixed cement usually* 
require from 19 to 22 per cent, of water for tempering, whilst the sand 
test requires from to 11 per cent. ; in this case also quick-setting 
cements need more water than slow-setting cements, and hand-gauged 
briquettes more than machine-gauged ones. Care must be taken, on 
the one hand, not to allow the initial setting to supervene, and, on the 
other hand, not to crush any grains of sand with the trowel. The best, 
instrument to use for the mixing is a fork with short, thick prongs. 

Where large numbers of briquettes have to be made, some form of 
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mixing machine is useful; that of Steinbruck-Schmelzer (Fiea r*o a a 
171) is much used on the Continent for this purpose It con jJ 7 l 6 
annular trough, a, in which a roller, to, runtnTwhiJh “Xsl “ 




When running at full speed the pant .XdXotat thftX 
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tions per minute ; it takes a charge of 500 g. of cement, plus 1500 g. of 
sand which serves to make eleven or twelve test pieces. 

The paste, when homogeneous, is filled intq the moulds and 

beaten down by hand or by 
machinery until it has be- 
corrffe quite compact. This 
point is reached, in hand 
moulding, when the paste 
.has assumed a plastic con- 
sistency and a little water 
has collected on the upper 
surface. In machine mould- 
ing, similarly, the separation 
of water occurs after a certain 
number of strokes. 

For gauging cement, etc., 
by hand, a spatula about 
350 mm. long with a beating 
surface of 40 X 80 mm. and 
weighing 250, 300, or 350 g., 
was formerly used, but a 
heavier tool up to 750 g. in 
weight is now preferred. 

The form of briquette re-' ' — — - 

commended by the Engineer- » 

ing Standards Confmittee 1 ‘ ‘ _ . . 

is shown in Fig. 172, upon which the dimensions are given in inches. 

When a number of briquettes have to be made, the. moulds may, 
with advantage, be arranged in series and fixed in some simp e manner 

such as that shown in Fig. 

I73 ' 

Single moulds are usually 
made in halves, which are 
held together either by screws 
or by a spring clip sliding into 
grooves cut in the sides of th» 
mould. In either case pre- 
cautions must be taken to 
prevent the opening of the 
mould during filling. 

According to the specification of the Engineering Stand s Com- 
mittee the moulds are filled by hand and without mec an , , 
an iron plate being used as a foundation. When the cemenWhas set 

1 British Standard Specification f p* 




Fig. 173. 


718 


CALCAREOUS CEMENTS 


sufficiently to enable the mould to be removed without injury to the 
briquette, the latter is placed in a damp atmosphere for twenty-four 
hours after gauging. It is then placed in fresh water at a temperature 
of from 58° to 64° F. until required for breaking. Tire water should be 
renewed every seven days. 1 

The Sand Test is carried out by mixing “ one part of the cement'with 
three parts by weight of dry standard sand,” and gauging with such a 
proportion of water that “ the mixture is thoroughly wetted and that there 
is no superfluous water when the briquettes are formed.” The form of 
the moulds and the method of filling are the same as for the neat test. 2 



Fig, 174. 


For the mechanical moulding of briquettes either Bohme’s hammer 
or Tetmajer’s rammer is used. 

Bohme’s apparatus (Fig. 174) consists of a balanced hammer, g, 
weighing 2 or 3 kilos, which is pivoted at the end of a shaft and is made 
'to fall from a constant height of 25 cm. The hammer is set in motion, 
through the cogs a of the ten-toothed wheel b, by the pulley f and 
makes 120 or 150 strokes a minute. After 12 or 15 revolutions of the 
wheel b a counting device, c, automatically puts it out of gear, the bolt e 
is released, and by acting on /stops the wheel. 

This machine is very widely employed, but is defective in so far as 
-the impact of the hammer is oblique, and its height of fall changes 
slightly/ n the course of moulding. 

1 British Standard Specification , p, 6. 2 Bid., p. 76, 
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Tetmajer’s rammer (Fig. 175) consists of a weight of 2 or 3 kilos, 
which is lifted by a friction gear and falls from a height of 250 or 300 
mm. The number of strokes is 120 or 150, after which the apparatus is 
automatically stopped. It is adapted for making briquettes for either 
tensile or crushing tests. 

Che mechanism is as follows : — The weight or monkey B is lifted by 
the friction of the wheels D and c. The height of fall is thus invariable 
and independent of the height of the cement paste under experiment. 



Automatic stoppage is brought about by means of the counter 0 /. 

The moulds for tensile test briquettes most in use on the Continent 
are in the shape of a figure 8 (Fig. 176). They are 22-2 mm. high and 
22 ' 5 mm. wide at the constriction, which gives a breaking area of 5 
sq. cm. For the crushing test hollow cubical moulds of 7-07 cm. edge 
are used, so that the area operated upon is 50 sq. cm. The cubic 
capacity of the former is 70 c.c., that of the latter 354 c.c. It follows 
that, in spite of all precautions, it is impossible to prepare truly* 
equivalent test pieces for the two tests, which therefore cwnot be 
strictly comparable. This is of importance, inasmuch as Bohme’s 
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apparatus makes no pretence of equal treatment. In most works the 
apparatus is fitted with the 2-kilo hammer and adjusted for 150 strokes 
only, and is used impartially for tensile and crushing tests. Nevertheless 
it is customary to take into account the ratio of tensile to crushing 
strain in a complete test. 

After the cement paste has been filled into the mould, the excess is 
scraped off with a straight and rigid knife and the upper surface 
smoothed by a few strokes of the same. The mould is then opened 

and the briquette cautiously, 
removed. In the case of 
briquettes for the crushing 
test, this can only be done, 
owing to the adhesion of the 
cement, after setting or after, 
say, twenty-four hours, unless 
an ejector be used. This 
course is very much to be re- 
commended, since the result- 
ing test pieces are smoother 
and firmer, and the mould 
is then immediately ready for 
another test. Also, moulds 
made in one piece can be 
employed, which secures 
greater uniformity in the area 
of the briquette. 

Michaelis 1 has constructed 
a small and handy apparatus 
for removing briquettes from 
their moulds (Fig. 177). A 
rod of square section having 
a knob at the top and a steel 
plate or piston at the bottom 
fittiftg’ into the mould, moves 
vertically in a massive holder, in which it can be fixed by a set- 
screw. The base of the apparatus is provided with two quad- 
rangular guide-bars corresponding to two notches in the mould, 
whereby accurate adjustment of the mould with respect to the steel 
plate is secured. The mould and its contents are placed in position 
under the piston, which is let down until it rests on the cement and is 
then screwed up; the mould can then be slipped upwards from the 
-.briquette. When the latter is clear, the piston is slightly raised, and 
the testpiece removed. The consistency of the test piece is in no way 
1 Tonindustrie Zeit. r 1891 , 15 , 337 , 338 . 
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affected by this procedure, and it is possible, moreover, to obtain 
absolutely parallel upper and lower surfaces, which is an advantage in 
case the broken briquette is to be subsequently subjected to the 
crushing test. F®r this purpose a few light taps are given to the 
piston when resting on the cement, and should special care be desirable 
so aan y strokes less may be given in the ramming. The apparatus is 
according^ serviceable in several respects, both for tensile and crushing 


. The released briquette is immediately placed in a zinc box closed by 
a well-fitting lid, in order to prevent desiccation, by warm draughts of 
air, the briquette being thus surrounded by an evenly moist atmosphere 
After twenty-four hours, or at any rate not before complete setting it is 
either exposed to the air or immersed in water. 

Air-exposure tests are rarely made; the briquettes dry unevenly, 



Fig. 178 . 


whereby internal stresses are set up and low values for mechanical 
strength result. 

Neat tests also are not invariably carried out, although they are 
useful for distinguishing Portland cement from other cements. 

The briquettes are left under water uninterruptedly until the actual 
testing takes place. Thfey are then wiped dry and fixed in the testing 
machine. 

The Tensile Strain. Of the many forms of apparatus which have 
been devised for the determination of the tensile strain of cements, that 
of Michaelis fulfils all the necessary requirements, and is the most 
frequently used. There are also several modifications of this apparatus 
which are made and employed in this country. 

This machine, which is shown in Fig. 178, is essentially a system qf # 
two levers, b } which have a working ratio of 1:10x5 = 50. The* 
u PP er C ^P for holding the briquette i, hangs upon a stirrup ; tSe lower 

2 z 
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clip e is fastened by a ball-socket to a screw with a finger-wheel, f 
The contact areas of the clips are rounded so that the force is applied at 



four points. A counterpoise, k , serves to adjust the whole system to a 
state of equilibrium, so that the two sets of knife-edges lie in horizontal 
planes. 



In /conducting an experiment, the briquette is first loosely hung in 
the clips and the bucket c , which is provided to hold shot, is suspended 
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from the hook /. The bucket should hang about 7 cm. above the 
ground or bench. By turning the screw /the clips are brought firmly 
up against the briquette ; it is important that they should grip it evenly, 
so that the pressures exerted at the four points of contact shall be 
equal. Shot is then allowed to run into the bucket, which is supported 
at the start by the finger in order to lessen the impact of the shot. 
The running in of the shot is continued until the briquette breaks across 
the constriction ; the bucket then falls down and automatically shuts off 
* the supply of shot The bucket and its contents are then weighed, and 
the breaking tensile strain of the briquette calculated per unit area. 

The form of the clips between which the briquettes are held while 
being subjected to the tensile test is of great influence on the results. 
The clips recommended by the 
Engineering Standards Com- 
mittee 1 are shown, in actual size, 
in plan in Fig. 179 and in elevation 
in Fig. 180. 

The -rate of increment of the 
weight applied is also of im- 
portance. It should be “ steadily 
and uniformly applied, starting 
from zero, increasing at the rate 
of 100 lbs. in twelve seconds”; 2 
this rate can be easily regulated by 
experiment with most of the test- 
ing machines in us£ 

When very weak materials, 
such as mortar, are to be tested, 
the bucket is replaced by a much 
lighter one, the weight of which 
is eliminated by adjusting the 
counterpoise k. In this way tensile strengths down to 1 kilo can be 
.determined. 

A simpler apparatus, in which the multiplying ratio is dispensed 
with, is shown in Fig. 181. The clips a a , which hold the briquette b , 
are suspended from an iron stand, c c . The bucket d hangs directly upcTfr 
the lower clip, and the shot-feed is controlled, as above, by the slide f 
and the spring lever g 

According to the specification of the Engineering Standards Com- 
mittee, 3 neat cement is tested after seven and twenty-eight days from 
gauging. Six briquettes are made and the average tensile strength of 
the six tests is accepted as that of the cement Good cement shoirtd 
bear a tensile strain of 400 lbs. on the section of the briquette,^ square 

1 British Standard Specification , p. 6. 2 Ibid*, p. 6. s Jbid., p. 7. 
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inch, in seven days from gauging and 500 lbs. in twenty-eight days. 
Also, “The increase from seven to twenty-eight days shall not be less 
than : — 

25 °/ When the seven-day test falls between 400 fbs. to 450 lbs. 

20 % When the seven-day test falls between 450 lbs. to 500 lbs. 

15 % When the seven-day test falls between 500 lbs. to 550 lbsf 

10 % When the seven-day test falls between 550 lbs. to 600 lbs. 

5 % When the seven-day test is 600 lbs! or upwards.” 

The cement-sand briquettes should bear the following tensile * 
strains : — “ Seven days from gauging, 1 50 lbs. ; twenty-eight days from 
gauging, 250 lbs. The increase from seven to twenty-eight days shall 
not be less than 20 °/ Q ” 1 

It is doubtful whether these restrictions are of any practical 
utility (Reid). 

The neat tensile strength of cements is of considerably greater 
significance than that of cement-sand mixtures, because it affords an 
indication of the nature of the product. Portland cement, tested neat, 
has by far the highest tensile strength of all binding materials, but in 
the sand test it is often surpassed by Roman cement. 

According to the German standard specification, briquettes are 
required to be kept for twenty-eight days before testing, viz., one day 
in air and twenty-seven days under water. The strength of neat 
Portland cement shall then be not less than 16 kilos per sq. cm. (227 lbs. 
per sq. in.). 

In addition to making tests of the tensile strain after seven and 
twenty-eight days, ft is also desirable to make^ tests at a shorter 
interval after gauging, say three days. A cement, for instance, which 
shows a tensile strain of 280, 420, and 640 lbs., after three, seven, and 
twenty-eight days respectively, is obviously of much better quality 
than one showing 440, 560, and 620 lbs. at the same periods, even 
though the final results be similar. A consideration of the two curves 
of time-hardening makes it clear that the last-named cement will reach 
its maximum strength after perhaps six months, whereas the former 
will continue to harden for perhaps two years! In addition to these 
periods, it is well, when possible, to test after three months, six months, 
one year, and two years, for thus only is it possible to obtain really 
instructive curves of strength. 

The Crushing' Strain. — The briquettes for the crushing test are 
made and treated in the same way as those for the tensile tests. As 
the crushing strength may be from twelve to fifteen times the tensile 
strength, a powerful hydraulic press is required to crush the cubes, which 
should have an area of about 50 sq. cm. on each side. The Amsler- 
Laffon J>ress, in which the usual packing is replaced by'* a carefully 

1 British Standard Specification , p. 7. 
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ground piston lubricated by a special, viscous oil, is much used on the 
Continent. 

A press of simpler construction is that of Weber, as improved by 
Schoch (Fig. 1825, which consists of two pressure plates, the upper of 
which is raised or lowered by a hand-screw. This screw works in an 
irorPgirder which is connected to the lower part of the apparatus by two 
stays ; at the lower end of the press is the cylinder containing the ram, 
which latter carries the other pressure plate and is held tight, with 
* regard to the cylinder, by means of collars. In front of the apparatus 
are the arrangements for work- 
ing the plunger and a pair of 
pressure-gauges. One of the 
gauges is graduated for high 
pressures, the other for lower 
pressures, such as are required 
with mortars and the like. 

The pressure produced by the 
plunger is communicated by 
the oil to the ram and to the 
gauges simultaneously, and is 
read off* on the latter. 

The periods of testing should 
be 3, 7, and 28 days, 3 and 6 
months, and 1 and 2 years after 
preparation, both for neat and 
sand tests. # 

The Adhesion. — To carry 
out the adhesion test the cement 
is attached to an adhesion piece, 
which may be of stone, marble, 
ground glass, tile, etc. Michaelis 
uses a special concrete made of 
one part of cement to two parts 
of sand. The adhesion piece is 
placed at the bottom of a mould, which is filled up with the cement 
paste to be tested, and rammed by hand. A plate of glass is then lafd 
on the top, the mould inverted, and the briquette pushed out by means of 
a wooden core. Michaelis has devised special moulds for carrying out the 
test by his method, which greatly facilitate the preparation of briquettes. 

This test has not become generally recognised; a muddy layer is 
formed at the junction of the cement and the adhesion piece, which 
materially affects the accuracy of the results. • • 

The briquettes are treated exactly as for tensile strain, th% testing 
machine being provided with special clips for the purpose. 
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The Bending Strain . 1 — The tensile testing machine may be em- 
ployed for this test, after being fitted with the auxiliary mechanism 
shown in Fig. 183. ,This consists of a strong steel bridge, A, which is 
fixed to a screw held in a ball-socket and occupies the position of the 
lower clip in the original apparatus. At each end of the bridge are 
oblong carriers, B B, in which are knife-edges which hold the ends oifthe 
briquette. Half-way between these is the third point of contact, a 
knife-edge fixed in the stirrup C and pressing against the under side 
of the test piece. By applying weights to the levers, force is exerted 
at C, until the test piece is snapped. The distance B B and the section 
of the briquette are of standard dimensions. Under ordinary circum- 
stances a briquette of 4x4 sq.'cm. sectional area is used, which has the 
advantage of being suitable for the crushing test after being broken ; 



the distance between the outer knife-edges is 256 mm. Under these 
conditions the bending strain will be 30 times the load applied to the 
levers, working at the factor 50. The carriers B B can be moved in- 
wards along the bridge until they are 100 mm." apart; in this position 
they serve for small briquettes of 2x2 $q. cm. section. For such cases 
the central knife-edge must be raised 2 cm. ; for this purpose it is con- 
structed to slide between vertical grooves, so that it is merely necessary 
to place a steel block 2 cm. thick underneath it. 

It is found, as a rule, that the bending strength of a cement is about 
.double the tensile strength. 

An excellent bending test apparatus has been adapted by Amsler- 
•Uaffon to their crushing machine, by means of which a maximum 
strain 0X.5000 kilos can be produced. 

1 Cf* Michaelis, Tonindusirie ZeiL, 1898, 22, 408. 
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ADULTERATIONS OF PORTLAND CEMENT 

The manufacture of Portland cement has been so simplified and 
cheapened of lata years that there are but few cases in which adultera- 
tion would be remunerative. Blast-furnace slag is practically the only 
substance that is likely to be used as an adulterant, and the chemical 
composition of this material is so similar to that of Portland cement that 
its detection by analysis is*difficult. Many attempts have been made to 
. limit the term “Portland cement” to a product obtained from certain 
materials manufactured by definite processes. Practically no cement is 
now made in the same way as that produced by Aspdin, the inventor, 
who first called his material “ Portland, cement.” Strictly speaking, 
therefore, no cement now in the market is real “ Portland ” as defined by 
its originator; but consumers understand by the term a product 
possessing certain definite properties, and any mixture departing 
materially from the recognised standard should have its composition 
declared to the purchaser. 

In order to obtain a process for detecting an admixture of blast- 
furnace slag with Portland cement, a special investigation was carried 
out by R. and W. Fresenius for the Association of German Portland 
Cement Manufacturers, but the chemical tests proposed were not 
considered conclusive, and were not adopted as standards. 

The best means of detection is Hauenschild’s flotation test, which is 
conducted, according to Loebell’s method, as follows : — 

The cement is first submitted to Fresenius’ permanganate test, and 
its reducing effect determined. If i g. of the sample requires not more 
than 3 mg. of potassium permanganate, the absence of blast-furnace 
slag may be assumed. If a greater quantity is reduced, the material 
may consist either of (i) rotatory kiln cement, (2) cement mixed with 
blast-furnace slag, or (3) cement to which slag has been added before 
calcination. It is then advisable to make an analysis by flotation. 
For this purpose the cement is sifted through a sieve of 2500 meshes to 
the sq. cm. and 10 g. of the fine rnaterial stirred up with benzene in a 
flat crystallising dish and washed so as to remove the very finest dust ; 
the residue is dried at’ uo°. To prepare the separating liquid, about 
50 c.c. of methylene iodide (dried over calcium chloride and filtered 
through Portland cement which has been recently ignited and kept 
in a desiccator) are placed in a cylinder surrounded by water at 15 0 and 
rectified oil of turpentine (dried over calcium chloride and filtered) added 
drop by drop and'well mixed, until the specific gravity of the liquid is 3-010. 
The liquid is kept in a yellow bottle to protect it from the action of 
light. This mixture is much less sensitive to light than a methylene 
iodide-benzene mixture, to which it is also superior in other respects. 
To carry out the test a dry separating funnel of about 70 c.c. capacity 



728 


CALCAREOUS CEMENTS 


(Fig. 184), the stopcock of which has been greased with vaseline, is 
charged with 40 to 50 c.c. of the separating liquid, and 5 g. of the prepared 
cement are introduced by means of a short-stemmed funnel. The 
separating funnel t is thoroughly shaken and evacuated to about 17 mm. 
of mercury by means of the filter-pump n during about five minutes ; 
the evacuation should not be prolonged beyond this period; as 
otherwise some turpentine may evaporate and cause the liquid to 
change its density. It will be found necessary to open the pinchcock q 
from time to time, in order to guard against excessive frothing. The * 
funnel, which must be carefully stoppered, is then laid on its side, gently 
agitated by rocking, and allowed to remain protected from light for a 
short time, until the lighter solids have collected at the top of the 
liquid and the heavier have settled at the bottom ; the funnel is then 
held at the neck and very slowly raised into a vertical position. By 
proceeding in this manner, the lighter and heavier particles are enabled 

to pass one another, and those 
light particles which are retained 
by the heavy ones are given time . 
to disengage themselves and to 
rise to the surface. A single treat- 
ment of the cement with the 
separating liquid thus affords an 
approximately quantitative separa- 
tionoffheconstituents. Thecement 
which sinks to the bottom is 
cautiously transferred to a Gooch 
crucible (Fig. 14, p. 26), in which 
it is dried and weighed. In 
fitting up the crucible, a layer of chemically purified, long-fibre asbestos 
is laid on the bottom of the crucible, then a layer of short-fibre asbestos, 
then a porcelain filter-plate, and finally another layer of short-fibre 
asbestos. The crucible is then fitted up in the usual way, the layer of 
asbestos washed with distilled water, and, the crucible dried at no 0 and 
weighed. The separated cement is then filtered off The clear 
methylene iodide mixture is removed from the filter flask and the 
residue in the crucible washed with absolute alcohol, benzene, and 
finally with ether, alternately, with and without suction. The crucible 
and its contents are dried at no 0 and weighed, and the cement then 
subjected to chemical analysis. 

The slag which rises to the top of the separating liquid is similarly ^ 
treated. It is not desirable to use more than 5 g. of material for the 
valuation. The separating liquid must be readjusted to a density of 
3-010 before each experiment, since a portion of the- turpentine 
.evaporates during filtration, 
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To recover the methylene iodide, the united washings are distilled to 
expel the less valuable solvents, and the residue cooled to 5° ; the 
iodide then separates out in white scales, frori} which the brown 
mother liquor is poured away. Under the action of light the distillate 
will be found to assume a pink tint due to a separation of iodine; this 
can*be removed by shaking with and subsequently distilling over 
mercury, as mercuric iodide is soluble in the mixture of liquids used in 
the washing. It is imperative to follow the above directions exactly, 

• if good results are to be obtained 

The products separated are : — 

1. Light Materials , which float on the liquid and which may consist 
of:— 

Carbon, average sp. gr. 1-39. 

Gypsum, sp. gr. 2-33. 

Coal-ash, average sp. gr. 2-73. 

Blast-furnace slag, average sp. gr. 2-94. 

These can be further separated from one another by treatment with 
suitably adjusted methylene iodide-turpentine mixtures. 

2. Heavy Materials , which sink in the liquid and which may consist 
of : — 

Cement, average sp. gr. 3-035. 

Particles of iron, sp. gr. above 3-01. 

Carbides from the slag, sp. gr. above 3-01. 

These can also be separated by means of suitable liquids. 

Chemical analysis of the separate portions ^ yields trustworthy 
information as to the presence of slag. According to Tetmajer, blast- 
furnace slags of the most varied origin contain 27*31 to 39-95 per cent. 
Si 0 2 and 25*24 to 50*67 per cent. CaO, whilst the limits for Portland cement 
are 19 to 26 per cent. Si 0 2 and 57 to 66 per cent. CaO. 

IV. GYPSUM 

The analytical examination of the raw material is mainly concerned 
with the degree of purity of the gypsum. The methods employed are 
similar to those used for the analysis of cements. 

Pure gypsum is calcium sulphate with two molecules of combined 
water, CaS 0 4 , 2H 2 0,and has therefore the percentage composition CaO 
32-56, S 0 3 46*51, H 2 0 20*93. 

Dehydrated gypsum is a very quick-setting material, and is therefore 
invariably used when very quick-setting mortar is required. Properly 
burnt plaster of Paris should set hard in from three to four minutes. 
Since the last traces of water are only expelled at 270° to 300°, plaster 
burnt to the right degree still contains about 3 per cent, qf water, 
corresponding to the semi-hydrate CaS 0 4 . JH 2 0 ; its specific gravity is 
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or the nat “ ra,,y “«»*■* 

th-SordTetet SeMsoV 

form for cas lng and modeI]ing . The olher w d ead burnt 7, 

Mhydrons plaster, which has lately come into great favour for flooring' 

are Is foiwT™ 1 '' “ d d,st,nguishin S P>-°P«ties of the two varieties 

*?>■« aiSe^SSi^t4 b,niSh dMd - b “- 

abonf^,hI"f d eaibu™ptaeris'?.r ^ ^ ° f 

‘zfr r"” tZlZS 
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ineness. Modelling plaster is the most finely ground product and 
then stucco p aster; flooring pi aster is comparative^"™ 9 "" 

parts of Tate w y bun 'n plas,<!r re <I uir cs from one to one and a half 

cement 7s ea ™ \ f iuid paste - The ,est . ™ lika ‘hat applied to 
ran.-dl ’ arned ° Ut by throwm g the plaster into water, stirrino- 

IT oiZ JT Z °°\ ' he P1Ste ' Sh °" ,d a tend “' y *» f°™ umps 

r<L7t Til at m C,nat, ° n iS indicated E “d-burnt plast P r 

consistence T ^ “ mu *. TOter . and yietds a paste of the 

consistency of dough, like cement. 

cons^SahlA Umt ^ PlaSter T 5 V£ry rapidly ' Settin S can be retarded 

borax or nft™ § l Wat6r either alc ° ho1 (l ° to 20 P er cent 0 or 
Dorax, or nitrogenous substances such as size. 

t; J J “ d T" rnt Plaster, on the other hand, sets exceedingly slowly; the 

twelve tn ”h g ,er^ tW “ n *“ ““ fi% h °“ rS Md aVerag ' S fro ” 

burft^astUCSafai ty 

CjllSlf Yl ,U ”‘ ! “ Se,dn e is again a property of lightly burnt 
but not of dead-burnt plaster ; it reaches about x per cent, with the 
tormer material. 

Blowing and Shrinkage do not occur with either variety of plaster, 
if properly prepared. y p ’ 

“ *° the five dWerent modifications of calcium sulphate, of. van’t Hoff, Chem. 
a« - RouJnd 1 ’^ 4 ’ 9021 r ’ 280 ’ z Electrochem -> 1902, 8, 575 ; Z. physik. Chem. , 1903, 45, 
201 1903, 36,’ 332?’ I9 °°’ 33 ’ 2831 : Chem " Ztit ' I9 ° 2 ’ 261 804 ! Z ‘ an ° rg ' Chtm " r 9 ° 3 ' 35 . 
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Hardness . The quality of a plaster, especially of the lightly burnt 
class, can be readily tested by preparing a pat on a slab of glass, 
allowing it to set, and making a straight scratch with a knife on the 
under side; if tl fe plaster is good it should brea& along the scratch, 
exactly like glass cut with a diamond. 

Mechanical Strength. Lightly burnt plaster shows after twenty- 
eight days a tensile strength of about 20 kilos and a crushing strength 
of about 90 kilos per sq. cm. (284 and 1281 lbs. per sq. in. respectively). 

*• Dead-burnt plaster attains considerably greater strengths ; in experi- 
ments conducted by the Tonindustrie Laboratory at Berlin, crushing 
strengths up to 250 kilos to the sq. cm. (3557 lbs. per sq. in.) were 
observed. 1 * 
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DRINKING WATER AND WATER SUPPLIES 

By Professor L. W. Winkler/ Budapest. English translation, revised by Gilbert 
J. r owler, D.Sc., Lecturer in •Bacteriological Chemistry in the Public Health 
Department of the University of Manchester, Consulting Chemist to the 
Manchester Corporation Rivers Committee. 

Chemically pure water does not occur in nature : all natural waters 
contain varying amounts of salts, etc, in solution. Glacier water is 
usually the purest form found ; rain water is next in purity, but almost 
always contains, in addition to dissolved gases (nitrogen, oxygen and 
carbon dioxide), ammonia (i to 5 mgm. per litre), and traces of nitrous 
and nitric acids. Furthermore, rain carries down dust-particles, 
from which ft extracts minute amounts of mineral constituents such as 
so lum chloride. . Considerable quantities of inorganic constituents 
especially sulphuric acid, are found in rain water collected in the 
neighbourhood of manufacturing towns ; micro-organisms and their 
-spores are also always present. 

Rain, after falling, sinks into the ground to depths which vary with 
the nature of the latter, and reappears at the surface as spring water. 
Below the surface the water comes into intimate contact with mineral 
substances, varying proportions of which are dissolved. Though the 
earth’s crust is mainly composed of substances almost insoluble in pure 
water, many such compounds are dissolved owing to the water which has 
penetrated the ground being charged with carbon dioxide derived from 
the air of the soil. All spring water consequently contains calcium and 
magnesium salts, which determine its hardness* Usually calcium and 
magnesium are mainly present as bicarbonates in natural waters and 
only in smaller amounts as sulphates ; small amounts of sodium and 
potassium salts, sulphates, chlorides, and silicates are also similarly 
dissolved Traces of carbon compounds, the nature of which is un- 
known, are also present in spring water, though the quantity of organic 
matter m pure, natural water is very small compared to that of the 
mineral constituents. Well-water is derived from an artificially opened 

l . In wntm f of this sect fen, use has been made of that by Prof. E. Erismann in the 
previous German edition and of the author’s own publications. 
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spring, fed by ground water, and therefore contains the same con- 
stituents as spring water. Some spring waters are characterised by 
containing larger amounts of dissolved substances, or by having a 
higher temperature than those ordinarily found ; tfrey are then known 
as natural mineral waters. 

i\fter reaching the surface spring water continues its course as brook 
and river. Meanwhile it comes into contact with the air, which causes 
decomposition of the bicafrbonates, liberation of carbon dioxide, and 
^precipitation of the normal carbonates, which are almost insoluble. 
River water is therefore softer than spring water. River water also 
carries along small particles of minerals, such as clay, mica, and quartz, 
substances of vegetable and animal origin flushed down by rain, and 
living organisms. The river mud settles to the bottom as the flow 
becomes more equable, whilst the organic constituents are mineralised 
by the oxidising action of the atmosphere, assisted by micro-organisms, 
a process known as the self-purification of rivers. 

This section is specially directed to the methods of examination 
employed for the hygienic valuation of water. Although most of these 
methods are identical with those used in the testing of water for 
technical purposes, processes especially suitable in the latter case will 
be dealt with, and their importance emphasised, in the next section. 

Natural waters may be contaminated by various impurities. The 
sewers of towns usually empty into rivers, and the water of springs 
which are situated in the neighbourhood of cesspools or stables may 
be contaminated by urine and soluble faecal matter if the earth filtration 
is insufficient. Ap%rt from the natural repugnance to the use of such 
water for drinking purposes, it is often directly injurious to health. 
Experience has shown that such water swarms with micro-organisms, 
amongst which disease germs may occur. Water is also often con- 
taminated by various industrial works, particularly by factory effluent 
water (cf “ Sewage,” p. 807); further, water conveyed by metal pipes 
may contain heavy metals in solution. 

For the determination of th & suitability of a water for drinking 
purposes, the physical and chemical examinations alone only suffice in 
exceptional cases ; microscopic and bacteriological examinations can 
to-day hardly be dispensed with, and local inspection and geological 
examination are also of special importance, in order to decide with 
certainty on the purity or contamination of a water supply (cf “ Interpre- 
tation of Results/' p. 793). 

The value of a water analysis is largely dependent on correct 
sampling, as impurities may very easily be introduced from without by 
the use of imperfectly cleaned collecting vessels, old corks which haye 
been previously used for other purposes, or dirty hands. For collecting 
samples only well-cleaned bottles of transparent glass should be used. 
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preferably provided with ground -glass stoppers. In taking water 
from wells provided with pumps, the sample must only be collected 
after pumping for some time ; similarly, the water from supply pipes 
should be first allowed to run for some time, except in a case of 
supposed contamination by lead. Samples are taken from open 
streams by immersing the collecting vessel in the water; in thi^case 
both the surface water, which is often contaminated by dust, etc., and 
the muddy or sandy bottom, must be excluded. The collecting vessels 
must in every case be thoroughly rinsed with the water which is to 
collected before being finajly filled. The taking of the sample is best 
entrusted to an expert. Two litres usually suffice for a chemical 
examination. If the dissolved gases are to be determined, or a 
bacteriological examination to be undertaken, special precautions must 
be adopted in taking the sample (cf. pp. 776 and 790). If the water 
cannot be examined at once, it must be stored in a cool place, such as 
a cellar or ice-chest ; specially constructed ice-boxes are made for the 
transportation of water samples for long distances. 1 


THE EXAMINATION OF WATER 
Physical Examination 

Water for drinking and domestic purposes is examined for tempera- 
ture, clearness, colour, smell, and taste. Determinations of the specific 
gravity, or of the electrical conductivity, freezing-point, and osmotic 
pressure (calculated from the latter), such as are notv generally made in 
the case of mineral water investigations, are not usually carried out 

Determination of Temperature. 

This is carried out with a mercury thermometer graduated in tV > 
the temperature of the atmosphere being also noted. 

When it is impossible to reach the water directly, or to read off the 
thermometer, a large vessel is filled with the water and its temperature 
immediately taken. A minimum, or maxirftum, thermometer may 
also be used with advantage, according as to whether the temperature 
<»f the water or the atmosphere is the lower. 

Clearness, Colour, Smell, and Taste. 

Clearness and Colour . The clearness and colour of water are deter- 
mined by pouring a sample into cylinders of colourless glass, 20 to % 
30 cm. high and about 4 cm. wide, placed on white paper. Absolutely 

** 1 For details regarding the taking of samples of water, cf. The Examination of Waters and 
Water Syfcplies, J. C. Thresh, 1904, p. 171 ; Handbuch der Untersuckung undr Beurteilung der 
W&sser \ Tiemann-Gartner, 4th edition, 1895, p. 40. 
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colourless and clear water is kept for comparison. The shade and 
possible turbidity of the liquid are observed by looking into the 
cylinders from above. 

A simple form of tintometer has been described* by T. W. Burgess, 1 
which is useful when a large number of samples of water of similar 
origjji have to be compared. It consists essentially of two tubes, each 
2 feet long, one of which is filled with distilled water and the other with 
the water under observation. The light passing through these is 
. reflected upwards through two short cylinders, and the colour of the 
water matched with a standard coloured solution contained in the 
cylinder above the distilled water tube. The standard solution is made 
by dissolving i g. of crystallised cobalt sulphate and 0-05 g. of potassium 
bichromate in 1000 c.c. of water. 

Humus substances impart to the water a yellowish, or yellow- 
brownish shade, which does not disappear on standing for some time, 
whereas turbidity caused by suspended impurities disappears either com- 
pletely or partially on settling. Clay imparts a yellowish or greenish 
coloration, ferric hydroxide, precipitated by the air, a reddish-brown, 
calcium carbonate a white, and metallic sulphides, such as iron or lead 
sulphide, a black colour. Further knowledge of the quantity and character 
of the suspended matter may be obtained by microscopic examination, 
and also by filtration and subsequent examination of the residue by dry- 
ing, weighing, and ignition. Very finely suspended matter may sometimes 
pass through good filter papers. The chemical examination of water 
should usually be preceded by thorough filtration if it is not quite clear. 

In the report of the American Committee on Standard Methods of 
Water Analysis, 2 the turbidity standard adopted by the United States 
Geological Survey is recommended. This standard is represented by 
“ a wat er which contains 100 parts of silica per million in such a state 
of fineness, that a bright platinum wire, 1 mm. in diameter, can just be 
seen when the centre of the wire is 100 mm. below the surface of the 
water, and the eye of the observer is 1-2 m. above the wire, the 
observation being made in the middle of the day, in the open air, but 
not in sunlight, and in a* vessel so large that the sides do not shut out 
the light, so as to influence the results. The turbidity of such water 
shall be 100.” Details as to the preparation of the standard silica, and 
the manner of making the comparisons are given in the Report. 

_ Smell. To determine whether a water contains odorous substances, 
it is. warmed to 40 to 50 in a large, half-filled flask. Any smell becomes 
noticeable on shaking the water round in the flask. 

1 Analyst, 1902, 27, 295. 

Report of Committee on Standard Methods of Water Analysis to the Laboratory Section^- 
of the Americaj Public Health Association. Reprinted from Journal of Infectious^Diseases, 
Supplt. No. I, May 1905, pp. 16-19. Chicago, 1905. 
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Taste , To test for taste the water is warmed to 15 0 to 20°. Con- 
tamination by iron salts, coal-gas, and by products of mould-formation 
and decay, also by large quantities of common salt, can then be easily 
detected. f * 


Chemical Examination 

# 

The chemical examination of water may be more or less extensive. 
Determinations of the residue on evaporation, degree of hardness, 
reducing power, chlorine and albuminoid ammonia, together with-*-* 
qualitative tests for ammonia, sulphuric acid, and nitrous acid, are 
often sufficient, at least for hygienic purposes. A complete analysis is, 
however, fairly often required,, whilst in some cases the determination 
of particular constituents, such as magnesia, iron, or lead, is the 
main essential. 

It is still usual to express the results of water analyses in terms 
corresponding to the old dualistic formulae. Thus a water is said to con- 
tain so much calcium oxide (CaO), magnesia (MgO), sulphur trioxide 
(S 0 3 ), nitric anhydride (N 2 0 5 ), etc. So long ago as 1864, C. v. Than i ■ 
proposed, for practical reasons, to express the results of mineral water 
analyses in terms of the amount of calcium (Ca), magnesium (Mg), 
sulphuric acid radical (S 0 4 ), nitric acid radical (N 0 3 ), etc. Modern 
investigations on the constitution of salt solutions have led to the 
conclusion that salts in dilute, aqueous solution are mainly dissociated 
into their ions, so that in the case of natural waters, the solution being- 
very dilute, the salts are almost entirely dissociated; thus a natural 
water contains calcium ions (Ca*’), magnesium ions^Mg*'), sulphate ions 
(SO/ 0 , nitrate ions (NO 3 0, etc., so that the earlier proposal of v. Than 
regarding the expression of results, is in complete harmony with the 
dissociation hypothesis. It would therefore be very desirable to 
express the results of drinking water analyses in accordance with 
v. Than’s proposals, and the modern view of ionic dissociation ; this 
would also accord with the suggestions put forward by W. Fresenius. 2 
Meanwhile, however, the older methotl will be mainly followed in this 

section, in conformity with the majority of published analyses. 

♦ 

Residue on Evaporation. 

♦ 

The residue on evaporation contains all the inorganic and organic 
substances which were dissolved in the water, with the exception of those 
compounds which are volatile at relatively low temperatures. For the 
quantitative determination, from 250 to 1000 c.c. of water are evaporated 

1 “tlber die zusammenstelhing der Mineral-wasseranalysen,” Sitzungsber ; d. Wiener k . 
Mademie , 1865, vol. 51. — “Die chemische Konstitution der Mineralwasser und die 

"Vergleichung derselben, 3 ’ Tschermak's mineralogy , und petrograph. Mitieilungen , vol, 11, p. 487. 

2 Fiftl* International Congress of Applied Chem 1903. 
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carefully on the water-bath in a tared platinum or glass dish. To 
prevent dust particles from falling into the evaporating water, an 
inverted funnel (Fig. io, p. 22), is fixed above the dish at a suitable 
height. After complete evaporation, the dish is removed from the 
water-bath and its outer surface cleaned with a soft, clean cloth ; it is 
then^iried in an air-oven for three hours at ioo°, placed in a desiccator, 
allowed to cool, and weighed. The first weighing is often somewhat 
too high, as it always takes some time, and the residue is often 
hygroscopic. The drying and weighing are therefore repeated until a 
constant weight is obtained. The final weight is then multiplied by 
the necessary factor in order to express the weight of the residue in 
mg. per litre. • 

To obtain comparable results it is important always to dry the residue 
at the same temperature. Sell 1 has shown that slightly different values 
are obtained if the drying is carried out at ioo°, 140°, and 180 0 . The 
residue dried at ioo° sometimes retains considerable quantities of 
water of crystallisation and hygroscopic moisture, as various inorganic 
salts, eg. gypsum, magnesium sulphate, and especially calcium and 
magnesium chlorides, only lose all their water of crystallisation at 
higher temperatures, and mineral and organic compounds, precipitated 
in the amorphous state, sometimes retain hygroscopic moisture at ioo°. 
In presence of considerable quantities of the above-mentioned salts, a 
more accurate result is therefore obtained if the temperature is raised 
to 140°, or better still to i$o°. On the other hand, some substances 
present in the residue suffer partial decomposition at these temperatures. 

To gauge the an»ount of organic matter present, the platinum dish 
containing the residue is more strongly heated over a naked flame. If 
the amount of organic matter is small, the residue acquires a faint 
yellow, colour ; if it is large in amount, the residue becomes brown or 
black. If the organic matter is mainly of vegetable origin, only a faint, 
non-characteristic smell is noticeable on decomposition, whereas nitro- 
genous organic matter, if present in considerable quantity, imparts a 
smell of singed horn to the fumes.* 

• Alkalinity. 

Recently collected spring or well water almost always shows % 
weakly acid reaction, due to the presence of free carbonic acid. Such 
water remains colourless on addition of a few drops of alcoholic phenol- 
phthalein solution and a drop of lime water. If methyl orange is used 
as an indicator, most natural waters are apparently alkaline, for it is 
"necessary to add a certain amount of hydrochloric acid in order to 
obtain a definite acid reaction ; when this point is reached, all bicar 
bonates present are just converted into chlorides. If an indicator 

1 Mitieilungen d. k. Gesundheitamies , I., 1 88 X. 

3 A 
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is used which is sensitive to free carbonic acid, such as phenolphthalein, 
alizarin, or litmus, 'this point can only be obtained by vigorously boiling 
the water during the addition of the hydrochloric acid, and thus driving 
out the liberated carbon dioxide. The alkalinity of natural waters is 
to be regarded from this consideration. 

According to Lunge 1 the alkalinity is more easily determined by 
using methyl orange as indicator, as it is then unnecessary to boil, and 
the use of glass vessels is permissible. * 

Two to three drops of aqueous methyl orange solution (i to 1000) 
are added to ioo c.c. of the water, which is then titrated with Nj io 
hydrochloric acid until the colour becomes reddish. 

In the Report of the American Committee 2 lacmoid or erythrosine is 
recommended in preference to methyl orange. 

As determinations of alkalinity are easily carried out on the spot, 
they are particularly suitable in the case of continuous investigations, 
in order to observe whether the composition of a water undergoes 
change. Also, the temporary hardness of a water (p. 740) and the 
amounts of half-combined and totally combined carbon dioxide (p. 762) 
can easily be calculated from the alkalinity. 

Acidity. 

In the case of peaty waters, which are very generally acid, Houston 3 
recommends lacmoid as a preliminary indicator; the merest trace of 
acid suffices to change the purplish-blue coFour to a red colour. 

The solution is* best made by dissolving .0-2 g. of lacmoid in 100 c.c. 
of dilute alcohol (10 per cent.). A few drops adoted to 10 c.c. of the 
sample of water, contained in a sample tube, at once reveals the presence 
of the smallest trace of acid. 

Moorland waters which give a neutral reaction with this indicator 
do not dissolve lead to any appreciable extent. Conversely, whenever 
a peaty water gives an acid reaction with lacmoid it will also be found 
to possess the power of acting as a solvent for lead. 

If a water is found to give an acid reaction with lacmoid, the amount 
of the acidity is determined by titrating a definite quantity of the 
water with a decinormal solution of sodium carbonate (5-3 g. Na 2 C 0 3 
'per litre). Phenolphthalein (0-5 g. in 100 c.c. of 50 per cent, alcohol) 
is used as indicator, as although open to some objections, it is found 
that comparable results are obtained. The results are expressed as 
acidity, in terms of c,c. of Nj 10 Na 2 C 0 3 required to neutralise 100 c.c. of 
the water. 

1 Die Wasserversorgung von Zurich , 1885, p. 104. 2 Loc. cit., p. 61. 

w 3 Thirteenth Annual Report of the Local Government Board, , 1900-01. Supplement in con- 
tinuation* of the Report of the Medical Officer for 1900-01, “On Lead-poisoning and Water 
Supplies,” p. 67. 
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Hardness. 

English degrees of hardness (Clark’s scale) are equivalent to grains 
of calcium carbonate per imperial gallon of 70,600 grains ; multiplied 
by j-43 they give parts per 100,000. 

in Germany, degrees of hardness indicate the number of parts by 
weight of calcium oxide in 100,000 parts by weight of water, any 
magnesium compounds present being taken into account as equivalent 
quantities of calcium oxide. Thus, if a water is said to have a hardness 
of io° it is concluded that in 100,000 parts by weight it contains 
calcium and magnesium as bicarbonates, sulphates, nitrates, and 
chlorides equivalent in amount to ie parts by weight of calcium 
oxide. 

In France, degrees of hardness indicate parts by weight of calcium 
carbonate in 100,000 parts of water. 

Accordingly, 1 English degree of hardness = o*8 German degrees 
and— 1*432 French degrees. 

A water of less than 5 English degrees of hardness is considered 
soft, of between 5° and 15° moderately hard, and of over 15 0 as hard. 

For the accurate determination of the hardness of a water, the 
content of calcium and of magnesium is estimated gravimetrically 
( cf. p. 405). Each centigramme of calcium oxide found in 1 litre of 
water corresponds to 1 part per 100,000; the number of centigrammes 
of magnesium oxide found per litre multiplied by 1*4 gives its 
equivalent in calcium oxide. The total hardnesses the sum of the 
hardness due to cafcium and magnesium oxides. 

Hardness can also be satisfactorily determined by alkalimetry. In 
Wartha’s form of this method 1 the alkalinity of the water is first 
determined, with alizarin as indicator. This indicator, which on 
account of its sensitiveness to carbonic acid necessitates titration in 
boiling solution, is added to 100 c.c. of the sample and titrated, boiling 
with Njio hydrochloric acid until the violet colour changes to a clear 
yellow, which persists on continued boiling. The neutralised water is 
then treated with an excess of a solution consisting of equal parts of Njio 
sodium hydroxide an <3 Njio sodium carbonate solutions, boiled for 
some minutes, cooled, diluted to 200 c.c., filtered, and the excess T>f 
alkali determined in 100 c.c. of the filtrate by titration with Njio 
hydrochloric acid, methyl orange being used as indicator. The number 
of c.c. of Njio alkali used, multiplied by 3*5, gives the total hardness in 
English degrees. 

A simpler plan in employing this method is to use only one indicator, 
namely, methyl o’range. After determining the alkalinity at the 

1 Cf. J. Pfeifer, Z. angew . Chem,, 1902, 15, 198 ; also, H. R. Procter, f Soc , Stem. Ind., 
1904, 23, 8. 
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ordinary temperature, the liquid is heated to boiling, Nj io sodium 
hydroxide and carbonate solution added in excess, and the estimation 
continued as above. 

Mohr, and subsequently Hehner, recommend titration with iV/50 
sodium carbonate and Nj 50 sulphuric acid ; lacmoid, according to 
Sutton, 1 being the best indicator. The temporary hardness is obtained 
by heating 100 c.c. of the water to boiling, and adding the standard 
acid cautiously in presence of the indicator till the change of colour 
occurs. The number of c.c. of acid used represent the number of Clark’s 
degrees of temporary hardness per 100,000 parts of water. The perma- 
nent hardness is ascertained by taking 100 c.c. of the water, and adding 
to it a rather large, measured excess of the standard sodium carbonate. 
The whole is then evaporated in a platinum dish to dryness, the soluble 
portion extracted with small quantities of distilled water, filtered through 
a very small filter paper, and the excess of sodium carbonate determined 
in the filtrate by titration with the standard acid : the volume of sodium 
carbonate solution decomposed represents the permanent hardness. 

Clark’s Soap Test. — For many technical and most hygienic 
analyses of water an approximate determination of the hardness is suffi- 
cient, and is usually carried out by means of a titrated soap solution. 
Of the methods on this basis, that of Clark 2 is the best known and most 
widely adopted, although as Lunge has pointed out, it frequently gives 
wrong results, and also takes longer to carry out than the more exact 
methods described above. r 

The following description of the method is taken from the Report of 
the American Committee on Standard Methods of Water Analysis. 8 

Reagents: 1. Standard Calcium Chloride solution . Dissolve 0*2 
g. of pure calcite (calcium carbonate) in a little dilute hydrochloric acid, 
being careful to avoid loss of solution by spirting. Evaporate to 
dryness several times to expel excess of acid, dissolve the residue in 
distilled water, and make up to 1 litre. One c.c. is equivalent to 
0*0002 g. of calcium carbonate. 

2. Standard Soap solution . Dissolve 100 g. of dry, white Castile soap 
in 1 litre of 80 per cent, alcohol, and allow The solution to stand 
several days before standardising. From the r above stock solution, 
dilute with 70 per cent, alcohol such a quantity that the resulting diluted 
soap solution will give a permanent lather when 6*40 c.c. of it are 
properly added to 20 c.c. of the standard calcium chloride solution. 
Usually from 75 c.c. to 100 c.c. of the stock soap solution are required 
for making 1 litre of the standard soap solution. Pure potassium 
soap made from lead plaster and potassium carbonate may be used with 
advantage in place of Castile soap. 

1 Volumetric Analysis , 9th edition, 1904, p. 70. 

2 Jahresber.f, Chemie , 1850, p. 608. 3 Loc. cit, p. 55. 
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For the standardisation, 20 c.c. of the calcium chloride solution are 
placed in a 250 c.c. glass-stoppered bottle and diluted to 50 c.c. with 
distilled water which has been recently boiled and cooled. The soap 
solution is then%.dded from a burette in portions* of 02 or 0*3 c.c. at a 
time, shaking the bottle vigorously after each addition, until a lather is 
formed over the entire surface of the water which persists for five 
minutes after the bottle is laid upon its side. If the soap solution is of 
the strength stated above, the quantity of calcium carbonate equivalent 
to each c.c. of the soap solution is given by the following table : — 


Table of Hardness, showing the parts per 100,000 of Calcium 
Carbonate (CaCO s ) for each Teitth of a Cubic Centimetre of 
Soap Solution when 50 c.c. of the Sample are used. 


c.c. of Soap 
Solution. 

0*0 c.c. 

0-1 c.c. 

0-2 c.c. 

0*3 c.c. 

0-4 c.c. 

0*5 c.c. 

0*6 c.c. 

0*7 c.c. 

0*8 c.c. 

0*9 c.c. 

0*0 








0*0 

*16 

*32 

1*0 

*48 

*63 

*79 

*95 

i-ii 

1-27 

1*43 

1*56 

1*69 

1*82 

2*0 

1-95 

2*08 

2-21 

2*34 

2-47 

2*60 

2*73 

2*86 

2*99 

3*12 

3*0 

3-25 

3*38 

3*51 

3*64 

3-77 

3*80 

4*03 

4*16 

4*29 

4*43 

4*0 

4-57 

4*71 

4*86 

5*00 

5-14 

5*29 

5*43 

5*57 

5*71 

5*86 

5*0 

6-00 

6*14 

6*29 

6*43 

6-57 

6*71 

6*86 

7*00 

7*14 

7*29 

6*0 

7-43 

7*57 

7*71 

7*86 

8-00 

8*14 

8*29 

8*43 

8*57 

8*71 

7*0 

8-86 

9*00 

9*14 

9*29 

9-43 

9*57 

9*71 

9*86 

10*00 

10*15 


This table does not provide for the use of as large a volume of soap 
solution for a single determination as was formerly the case, owing to 
the fact that the end-point becomes somewhat obscured in the presence 
of magnesium salts, as explained below, when more than about 7 c.c. 
are used. 

Method of Determination. Measure 50 c.c. of the water into a 250 
c.c. bottle and add soap solution in small quantities at a time and in 
precisely the same manner as described under the standardisation of 
the soap solution. From the result obtained the total hardness of the 
water in terms of calch*m carbonate is given by the above table. 

When adding the # soap solution to waters containing magnesium 
salts, it is necessary to avoid mistaking the false or magnesium end- 
point for the true value. Consequently, after the titration is apparently 
finished, read the burette and add about 0-5 c.c. more of soap solution. 
If the end-point was due to magnesium, the lather disappears. Soap 
solution must then be added until the true end-point is reached. 
Usually the false lather persists for less than five minutes. 

When more than 7 c.c. of soap solution are required' for 50 c.c. 
the water, it is necessary to take less of the sample and dilute to 50 c.c. 
with distilled water which has been recently boiled and cooled. This 
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dilution also reduces somewhat the disturbing influence of magnesium 
salts, which take up more soap than the equivalent weights of calcium 
salts. 

At best, the soap method is not a precise test, off account of the 
varying amounts of calcium and magnesium salts present in different 
waters. For hard waters, especially in connection with processes for 
purification and softening, the method should not be used. 

A method similar to that of Clark, which allows of the rapid estima- 
tion both of the total hardness and of that due to calcium and to 
magnesium salts individually, has been described by L. W. Winkler. 1 

The above methods give the total hardness of the water. On 
boiling, the greater part of the bicarbonates of calcium and magnesium 
contained in the water are precipitated as carbonates, whilst the 
sulphates, nitrates, and chlorides remain in solution. The water 
therefore becomes softer on boiling, and the hardness of the boiled 
water, after dilution to its original volume with distilled water, is called 
the permanent hardness . The difference between the total hardness 
and the permanent hardness is known as the temporary hardness . 
The last corresponds approximately to the originally dissolved 
bicarbonates of calcium and magnesium. 

To determine the permanent hardness by Clark’s method, the 
water to be examined is boiled for some time, brought to its original 
volume, filtered, and the hardness of the filtrate determined. The 
value for the permanent hardness thus ^obtained is, however, an 
empirical figure, as r the decomposition of the bicarbonates is not 
complete. The actual amount of bicarbonate present is more simply 
arrived at by calculating the temporary hardness from the alkalinity of 
the water (i c.c. of Njio hydrochloric acid per ioo c.c. water being equal 
to 3-5 English degrees), and subtracting this from the total hardness. 2 

In the case of mineral waters, and of boiler-feed waters which have 
been softened with an excessive quantity of sodium carbonate, the 
temporary hardness calculated from the alkalinity may be apparently 
greater than the total hardness ; in this case the water has of course 
no permanent hardness, and contains sodium' carbonate in excess. 
This has also been found to be the case in numerous samples of water 
obtained from the chalk below the London clay, 3 and in Yorkshire 
waters. 4 

Reducing Power or u Oxygen Absorption.” 

In the purer natural waters the quantity of organic matter present 
is usually only minute, and consists essentially of products of de- ^ 

1 Z . anaL Chem ., 1901, 40, 82 ; Z . angew. Chem 1903, 1 6, 200. 

2 Cf, J. Pfeifer, G. Lunge, and also H. R. Procter, loc. cit 

** 3 W. W. Fisher, Analyst , 1901, 26, 202. 

4 H. R. Procter,/. Soc. Chem . Ind 1904, 23, 8. 
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composition of vegetable remains; these contain, as a rule, little 
nitrogen, and are known as “ Humus substances.” On the other hand, 
highly nitrogenous decomposition-products of animal refuse and 
remains of metabolic products of the animal organism also occur, more 
particularly in waters which are exposed to surface impurities, or which 
com# into contact with polluted ground. The organic compounds of 
this character vary greatly in properties. Some are easily oxidised and 
easily decomposed, whilst? others are stable and are oxidised only with 
- difficulty; some are volatile with water vapour at relatively low 
temperatures, others remain behind when the water is evaporated ; 
finally, some are basic, whilst others are acidic in character. Their 
importance, from an hygienic standpoint, also varies greatly. Whilst 
the organic substances derived from vegetable remains may in general 
be considered as hygienically indifferent, the presence of nitrogenous 
decomposition-products from animal organisms make the character 
of a water highly suspicious. 

The quantitative estimation of the individual organic compounds 
in water offers great, and in part, insuperable difficulties, both on 
account of their variety and also because their composition is in many 
cases still unknown. The determination is accordingly at present 
restricted to ascertaining whether a water contains serious quantities 
of organic impurities, and whether these are mainly of vegetable or of 
animal origin. From a purely hygienic standpoint, the second question 
is the more important. 

As it is impossible to determine the quantity of organic compounds 
in water directly, «an indirect method is adopted, which consists in 
estimating its reducing power ; an approximate valuation of the 
content of organic matter is thus obtained. 

An approximate differentiation of the nature of the organic 
impurities is effected by separating and estimating the nitrogen in the 
form of the so-called “ Albuminoid ” or of the “ Proteid- Ammonia.” 

The determination based on the oxidation of the organic matter 
will* be considered first ; the determination of albuminoid and of 
proteid-ammonia is described later (p. 769). 

The reducing power of a natural water is determined by means of 
potassium permanganate; either an acid (Kubel’s and Tidy's methods) 
or an alkaline (Schulze’s method) permanganate solution may be 
used. Opinion is much divided as to which of these methods is the 
better, and also as to the best means of carrying them out. 

^ According to L. W. Winkler, 1 all experience is decidedly in favour 
of oxidation in alkaline solution, partly because the oxidation of the 
organic substance is usually more complete, and the presence 
considerable amounts of chlorides has no disturbing effect, ajjtd also 

1 Z, a 7 ial. Chet?i ., 1902 , 41 , 419 . 
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because the alkaline liquid can be maintained at the boil with in- 
comparably more ease than the acid solution. This seemingly minor 
detail is of importance, as it is almost impossible, after driving out the 
dissolved gases, to maintain the acidified water at the r boil in the case 
of a pure water ; superheating and percussive ebullition alternate, and 
may easily lead to loss. The following solutions are required for the 
determination : — 

1. Dilute Sulphuric acid \ One hundred *c.c. of purest commercial 
sulphuric acid are poured into 300 c.c. of distilled water contained in . 
a flask. Dilute potassium permanganate solution is then added drop 
by drop to the liquid, which has previously been partially cooled, but 
must still be fairly warm, until* it has acquired a just perceptible, per- 
manent pink colour. 

2. Oxalic acid solution . Commercial oxalic acid is recrystallised, 
first from water containing hydrochloric acid, and then from pure 
distilled water. It is then dried in the air at the ordinary temperature 
until the crystals do not adhere together. 0-630 g. of this pure acid 
are dissolved in distilled water, with addition of 10 c.c. of the above 
dilute sulphuric acid solution, and the whole diluted to 1 litre ; this 
gives an Nj 100 oxalic acid solution. The solution must be kept in the 
dark ; it keeps practically unchanged for a year, the alteration in 
strength not being more than about o- 5 per cent. 1 

3. Alkaline Potassium Permanganate solution. Fifty g. of pure 
sodium hydroxide and o-8 g. of potassium permanganate are dissolved 
in 250 c.c. of distilled water at 6o° to 70°, the solution diluted to 
500 c.c. after it has cooled completely, and kept in & well-closed bottle; 
100 c.c. of this solution are then diluted to 500 c.c. for use. 
The strength of the solution is determined by titrating with 10 c.c. of 
the N/lOO oxalic acid solution, acidified with 10 c.c. of the dilute 
sulphuric acid, in a very small flask. If so much permanganate is used 
in the titration that the liquid is turned just perceptibly pink, 0-05 c.c. 
must be deducted as a correction. The colour of the liquid is observed 
by holding the flask over a sheet oi milk-glass. The permanganate 
solution is measured from a narrow burette with a glass tap lubricated 
with vaseline. 

* Method of Determination. One hundred c.c. of the sample are 
placed in a 300 c,c. conical flask, and 10 c.c. of N/100 permanganate 
solution added ; the flask is then heated on an asbestos card until the 
liquid boils, when the flame is regulated so that it continues to boil 
quietly and uniformly. After the liquid has boiled for ten minutes the^ 
flask is removed from the flame, and 10 c.c. of dilute sulphuric acid 
immediately added with shaking, followed at once by 10 c.c. of Njioo 
oxalicjicid solution. After some minutes, when the liqufcLhas become 
1 Others regard this solution as less stable. Cf. Beck, p. 95. 
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perfectly colourless, alkaline permanganate solution is added drop by 
drop from the burette until the solution is just perceptibly pink ; 
oi c.c. of Njioo permanganate solution suffices to perceptibly colour 
ioo c.c. of liqufd, and the loss of oxygen by boiling is equivalent to 
0-2 c.c., so that the total correction to be made consists of a deduction 
of 0*3 c.c. of the permanganate solution. If the water under investiga- 
tion contains appreciable quantities of nitrous acid or of ferrous salts, 
the amount of permanganate solution necessary for their oxidation 
• must also be deducted. If the water reduces more than 5 c.c. of the 
permanganate solution it must be correspondingly diluted with quite 
pure or distilled water of known reducing power before the final 
estimation. • 

The method as described above gives constant and concordant 
results if the instructions are carefully followed, but not if the conditions 
are varied. It must be borne in mind, however, that equal quantities 
of potassium permanganate used do not necessarily imply that the 
same amount of organic matter is present, as different organic sub- 
stances have very different reducing powers. 

It is usual to express the amount of organic impurity in water in terms 
of the amount of potassium permanganate used, or of oxygen necessary 
for its oxidation, calculated on either 1000 or 100,000 parts of water. 
As both hardness and alkalinity are expressed in degrees, it would be 
convenient, if only in order to avoid calculation, to express the reducing 
power in the same manner, that is, in degrees corresponding to the 
number of c.c. of Njioo permanganate solution reduced by 100 c.c. of 
the water. • 

In England and America acid permanganate is generally used 
either at the boiling temperature, followed by titration with oxalic acid 
(Kubel), or at the ordinary temperature, followed by titration with 
potassium iodide and sodium thiosulphate. The Kubel method 
generally gives the higher figures, and as in the case of the method 
described above, the results vary according to the details of procedure 
employed. 

The following detai 4 s for the oxidation in acid solution are taken 
from the Report of the American Committee. 

Reagents : 1. Dilute Sulphuric acid. One part of sulphuric acid to 
three parts of distilled water. This shall be freed from oxidisable 
matters by adding potassium permanganate until a faint pink colour 
persists after standing several hours. 

2. Standard Potassium Permanganate solution. Dissolve 0-4 g. of the 

crystalline salt in 1 litre of distilled water. Standardise against an 
ammonium oxalate solution. One c.c. is equivalent to 00001 g. 
available oxygen. ^ 

3. Ammonium Oxalate solution. Dissolve 0888 g. of the substance 
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in i litre of distilled water. One c.c. is equivalent to o-oooi g. of 
oxygen. 

4. Potassium Iodide solution. Ten per cent, solution free from 

iodate. * * 

5. Sodium Thiosulphate solution. Dissolve 1*0 g. of the pure crystal- 

lised salt in 1 litre of distilled water. Standardise against a potassium 
permanganate solution which has been standardised against an 
ammonium oxalate solution. As this solution does not keep well, 
determine its actual strength at frequent intervals. „ 

6. Starch Indicator, Mix a small amount of clean starch with cold 
water until it becomes a thin paste, and stir this into 1 50 to 200 times its 
weight of boiling water. Boil*for a few minutes, then sterilise. The 
solution may be preserved by adding a few drops of chloroform. 

Method of Determination, Measure into a flask xoo c.c. of the water, 
or a smaller, diluted portion if the water is of high organic content. Add 
10 c.c. of sulphuric acid solution and 10 c.c. of potassium permanganate 
solution, and allow the treated sample of water to digest in accordance 
with the detailed procedures carried out under differing conditions, as 
set forth below under the heading, “ Period and Temperature of 
Digestion.” 

At the end of the period of digestion, remove the flask at once, and 
if- the boiling temperature is used, add 10 c.c. of the ammonium oxalate 
solution. Titrate with the permanganate solution until a faint but 
distinct colour is obtained. # 

Each c.c. of the permanganate solution used, in excess of the oxalate 
solution, represents 00001 g. of oxygen consumed by the sample. 

At the end of the period of digestion, if not made at the boiling 
temperature, add 0-5 c.c. of potassium iodide solution to discharge the 
pink colour, mix, and titrate the liberated iodine with thiosulphate until 
the yellow colour is nearly destroyed ; then add a few drops of starch 
solution and continue the titration until the blue colour is just dis- 
charged. 

Should the volume of permanganate solution be insufficient for 
complete oxidation, repeat the determination, using a larger volume, so 
that at least 3 c.c. of the permanganate solution will be present in excess 
when the ammonium oxalate solution is added. 

When unoxidised mineral substances, such as ferrous sulphate, 
sulphides, nitrites, etc., are present in the sample, corrections should 
be applied as accurately as possible, by methods suitable for the samples 
analysed. Direct titration of the acidified sample in the cold^ 
using a three-minute period of digestion, serves this purpose quite well 
£>r polluted surface waters and fairly well for purified sewage effluents. 
In aU^amples containing both unoxidised mineral compounds and 
gaseous organic substances, the latter should be driven off by heat and 
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the sample allowed to cool before applying this test for the correction 
factor. 

Where such corrections are necessary the fact should be stated, with 
the amount of tlfe correction. * 

Period and Temperature of Digestion, Unfortunately, widely varying 
details are practised in this respect. 

1. Bring the acidified sample to the boiling-point, add the per- 
manganate solution, and cMgest for two minutes at a boiling temperature. 

. This procedure is facilitated by agitating the liquid constantly with a 
small current of air, to guard against bumping. 

2. Same method as No. i, except that the period of digestion is five 

minutes Instead of two minutes. • 

3. Same method as No. 2, except that the permanganate solution is 
added to the acidulated sample when cold, and the period of digestion 
continued for five minutes after the sample reaches the boiling-point. 
The advantage of this method is that the oxygen-consumingpowers are 
determined of the volatile matters present in some samples of sewage 
and of sewage effluents, which are driven off by heat and thus escape 
when analyses are made in accordance with the first two methods. 

4. Same method as No. 3, except that the period of digestion is ten 
minutes instead of five minutes. 

5. The permanganate is added in the cold to the acidulated sample 
and the flask placed immediately in a bath of boiling water, the water- 
level of which is kept above the level of the contents in the flask. 
Digestion is continued for exactly thirty minutes. ^ % 

6. Digestion of ^he sample after the acid and permanganate solu- 
tions are added at approximately the room temperature, apparently to 
guard against decomposition of permanganate in the presence of much 
chlorine, for periods of three minutes, fifteen minutes, and four hours ; 
many observers record the oxygen consumed after each of the three 
periods, while others record the result only for the four hours period. 
This method is adopted in England and to some extent abroad. 

Conclusions . After careful consideration of the matter the views of 
the committee are as follows : — 

1. From a strictly scientific standpoint the thirty-minute period of 
digestion at boiling temperature in a water-bath appears to give the 
most satisfactory results as regards uniformity and freedom from 
personal errors of manipulation. It is believed that where practicable 
this is the most satisfactory method. 

2. Where samples from a given source are repeatedly analysed, it is 
advised that there be placed on record, for purposes of comparison, 
representative results by each of the methods of digestion abov^ 
mentioned. # 

3. In connection with sewage works analysis, to which the utility of 
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this method is principally confined, it is recommended that the per- 
manganate solution be added to the sample before heating, in order to 
include the oxygen consumed by volatile compounds. 

1 t 

Silica. 

Silica is usually present in natural waters in only very ^mall 
quantities. It is of no importance from a hygienic standpoint, but the 
presence of appreciable quantities of silica becomes a consideration in 
the case of the analysis of water for technical purposes, as it is one of 
the substances which give rise to boiler incrustations. 

To determine silicic acid, from 500 to 1000 c.c. of the water are acidi- 
fied with hydrochloric acid and evaporated to dryness. The residue is 
moistened several times with hydrochloric acid, completely evaporated 
after each addition, and then dissolved in hot water with addition of 
hydrochloric acid. The silicic acid, which forms flocculent particles, is 
collected on a small filter, washed successively with dilute hydrochloric 
acid and with hot water, ignited, and weighed as silica. The filtrate 
may be used for the gravimetric estimation of sulphuric acid, or of 
calcium and magnesium. 

If the sample contains much calcium sulphate it may be retained by 
the precipitated silica. In this case the impure silica is fused with ten 
times its weight of fusion-mixture and the silicic acid again separated. 

Sulphuric Acid*. 

For the qualitative detection ^of sulphuric acid, about 10 c.c. of the 
water are acidified with hydrochloric acid and a few drops of barium 
chloride solution added. If the water contains 100 mg. S 0 3 per litre, a 
white powdery precipitate is formed at once; 10 mg. S 0 3 per litre give 
a white turbidity after some minutes ; 2 mg. SO s per litre give a 
scarcely perceptible turbidity after standing for a considerable time. 

The quantitative, gravimetric estimation of sulphuric acid depends 
on the same reaction. From 500 to 1000 c.c., or from 200 to 300 c.c. 
are taken for the estimation, according as to whether the qualitative test 
gave a turbidity or a considerable precipitate. *The sample is acidified 
with hydrochloric acid and evaporated to dryness on the water-bath ; 
should considerable quantities of nitrates be present a glass dish must 
be used for this purpose, as platinum is attacked. The residue is 
moistened with dilute hydrochloric acid, dissolved in about 50 c.c. of hot, 
distilled water, the silica filtered off and washed with 50 c.c. of hot 
water, and the filtrate precipitated with barium chloride, after the^ 
addition of ammonium chloride solution (cf. p. 274). 

•» For technical and hygenic purposes an approximate determination 
of the: sulphuric acid is sufficient; this can be quickly carried out 
colorimetrically. The principle of the method consists in decomposing 
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the dissolved sulphate with excess of barium chromate in hydrochloric 
acid solution, then neutralising the liquid with sodium hydroxide, 
filtering, and finally determining the amount of chromic acid in the 
filtrate colorimefrically ; this is equivalent in quantity to the amount 
of sulphuric acid originally present. 1 

Tfae barium chromate is prepared by adding an excess of potassium 
chromate solution to a solution of barium chloride acidified with a few 
drops of acetic acid. The precipitate is first washed by decantation, 
.then thoroughly on the filter, dried, and ground to a powder. The 
chromate can also be kept under water. Five to ten drops of the 
shaken-up, turbid liquid are taken for use. 

To carry out the estimation, from one hundred and fifty to 
two hundred c.c. of the water under examination are poured into 
a flask and acidified with 5 to 10 drops of fuming hydrochloric 
acid. O' 1 to o-2 g. of pure barium chromate are then added, 
and the solution heated just to boiling, over the free flame. After 
cooling completely, sodium hydroxide solution is added until the 
liquid just turns red litmus paper faintly blue ; a larger excess of 
sodium hydroxide is to be avoided. Finally the liquid is vigorously 
shaken, allowed to stand for a few minutes, and poured through a dry 
double filter paper ; the first portions of the filtrate, which are usually 
turbid, are rejected, and the later, perfectly clear portions used for the 
determination. One hundred c.c. of the filtrate are poured into a cut- 
glass bottle, and 100 c.c. oT distilled water, to which a few drops of 
sodium hydroxide solution are added, poured into a. similar bottle for 
comparison. Potassium bichromate solution is then added from a 
burette to the contents of the second bottle until the colours of the two 
solutions correspond. The colour comparison may also be carried out 
in glass cylinders about 20 cm. high and 4 cm. wide. If 07 c.c. are 
deducted from the amount of potassium bichromate solution used, to 
allow for the amount of dissolved barium chromate, and the remainder 
multiplied by 10, the weight of S 0 3 is obtained in mg. To express 
the result in terms of S 0 4 the result is multiplied by 1-2. 

The potassium bichromate solution is prepared by dissolving 1-839 g. 
of the pure salt in water and making up to 1 litre ; each c.c. of this 
solution represents aoooi g. SO s . * 

If the water contains considerable quantities of organic matter, 
some of the chromic acid is reduced, and less sulphuric acid found than 
is actually present. In such cases the organic matter must be destroyed 
before determining the sulphuric acid. For this purpose a measured 
quantity of the water, for instance 200 c.c., is treated with 5 to 10 drops 
of fuming hydrochloric acid and a few c.c. of strong chlorine water r 

1 Cfi L. W. Wjnkler, Z. anal. Chem., 1901, 40, 467 ; also, Hartleb, Chan. Centr ., ra m n 
320; and Rossi, ibid,, 1902, II., 1272. 
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the excess of chlorine is then boiled off, the liquid cooled, diluted to 
its original volume, and the sulphuric acid then determined as described 
above. 

Chlorine. 

Chlorine is tested for qualitatively by adding a few drops of nitric 
acid and silver nitrate solution to about 10 c.c. of the sample/ The 
amount of chlorine present can be approximately estimated from the 
intensity of the reaction : ioo mg. of chlorine per litre produce a milky 
liquid from which silver chloride separates in flocks on shaking; io mg. 
per litre give a strongly opalescent liquid and I mg. per litre a very 
faint opalescence. r 

The quantitative estimation of chlorine may be made either gravi- 
metrically or volumetrically by the usual methods (cf. p. 123). 

L. W. Winkler 1 has modified Mohr’s volumetric method, for the 
purpose of water analysis, by determining experimentally the amount 
which must be deducted from the volume of silver nitrate solution used 
to allow for the volume required for the coloration of the indicator. 
If a silver nitrate solution is employed, of which 1 c.c. is equivalent to 
1 mg. of chlorine, and 1 c.c. of a 1 per cent, potassium chromate solution 
is used as indicator, and the determinations are carried out with 
100 c.c. of water, then the necessary corrections are given by the 
following table : — 


Silver Solu- 
tion used, 
in c.c. 

Deduction, 
in c.c. 

Silver Solu- 
* $ion used, 
in c.c. 

Deduction, 
in c.c. 

Silver Solu- 
tion used, 
in c.c. 

Deduction, 
in c.c. 

Silver Solu- 
tion used, 
in c.c. 

Deduction, 
in c.c. 

0*2 

- 0*20 

0*7 

- 0*38 

3*0 

- 0*46 

7*0 

- 0*54 

0*3 

- 0*25 

0*3 

- 0*39 

4*0 

- 0*48 

8*0 

- 0*56 

0*4 

- 0*30 

0*9 

- 0*40 

5*0 

- 0*50 

9*0 

- 0*58 

0*5 

- 0*33 

1*0 

- 0*41 

6*0 

- 0*52 

10*0 

- 0*60 

0*6 

- 0*36 

2*0 

- 0*44 






In presence of large quantities £>f organic matter, which, though 
seldom present in a domestic water supply, may easily occur in a 
works* supply, a direct titration with silver nitrate is impossible, as the 
^nd of the reaction is obscured by the colour of the sample. In such 
cases the organic matter must be destroyed before titration. To effect 
this, 200 c.c. of the water are warmed to about ioo 0 , and neutral 
potassium permanganate solution added until the water is faintly red in 
colour ; it is then boiled for about five minutes, when, if the colour is 
destroyed, a few more drops of permanganate solution are addeck 
The hot liquid is then treated with a few drops of alcohol to remove 
*the excess of permanganate, allowed to stand for a quarter of an hour, 

******* 1 Z. anal Chem. y 1901 , 40 , 596 . 
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the precipitated manganese compounds filtered off, and the filtrate, 
after allowing to cool, diluted to 200 c.c. ; the solution, which must be 
neutral, is then divided into two equal portions and titrated. The same 
procedure is adopted if the water contains sulphuretted hydrogen. 

In presence of large quantities of organic matter, the chlorine may 
be determined in the residue on evaporation, after first removing 
the organic matter by careful ignition. The residue is dissolved in as 
little cold, distilled water* as possible, with addition of a few drops of 
# nitric acid, the liquid filtered, a few crystals of potassium bicarbonate 
dissolved in it (an excess does not matter), and the chlorine titrated in 
the usual way. 

Iodine. * 

The occurrence of iodine in combination with albumins in the 
secretions of the thyroid gland having drawn attention to its great 
physiological importance, the presence of iodine in drinking waters 
has become of interest as a possible source of the supply of this 
element to the system. 

To detect iodine in water, and simultaneously to determine its 
approximate amount, 1000 c.c. of the sample are treated with a few drops 
of sodium hydroxide solution, evaporated down to about 10 c.c., filtered 
into a wide test-tube, and the residue washed with about 5 c.c. of water. 
The combined filtrate and washings are acidified with hydrochloric 
acid, a drop of potassium nitrite solution added, followed by 5 c.c. of 
chloroform, and the whole vigorously shaken. Should the water 
contain o-i mg. of iodine, the chloroform is at once* Coloured pink. To 
approximately estimate the amount of iodine present, 15 c.c. of 
distilled water are placed in a second test-tube, 5 c.c. of chloroform, 
a few drops of hydrochloric acid, and a drop of nitrite solution added, 
and then a very dilute potassium iodide solution, of which 1 c.c. = 01 mg. 
iodine ; the addition of the iodide solution is. continued until, on shak- 
ing, the chloroform is coloured to the same extent as in the case of the 
sample under examination. * 

For the exact determination of small amounts of iodine the 
method described by Weszelszk y 1 may be used. 

* 

Nitric Acid. 

The most suitable test for the detection of nitric acid in natural 
waters is the coloration produced by brucine and sulphuric acid. 

About 1 c.c. of the water is added drop by drop to 3 c.c. of con- 
centrated sulphuric acid, and after cooling completely, a few mg. of 
brucine are added to the solution. From the intensity of the colour 
one can judge whether much, little, or only traces of nitric acid are 

1 Z. anal Chern 1900 , 39 , 85 . 
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present. One hundred mg. of N 2 0 6 per litre cause a cherry-red 
coloration, which soon changes to orange and then to a sulphur-yellow 
on long standing; 10 mg. per litre give a rose-red solution, which 
changes to pale yellow on long standing ; and i mg. per litre gives a 
pale rose-coloured solution, which becomes almost colourless on 
standing. 

If the brucine is dissolved in the liquid whilst the latter is stilf hot, 
the coloration changes to yellow almost immediately. 

The sulphuric acid used must be pure and free from nitric, acid, 
or at most only contain a minute trace. It is absolutely necessary 
therefore to make a blank experiment with distilled water, sulphuric 
acid, and brucine ; the absence of nitric acid in the sample can only 
be regarded as proved if the liquid . remains perfectly colourless, or if 
it shows no more coloration than the blank test with distilled water. 
The brucine should be snow-white ; if it is yellowish and dissolves in 
sulphuric acid with a brownish coloration, it should be rejected. 

Other oxidising agents, such as chlorates, persulphates, free chlorine, 
etc., give similar reactions to nitric acid with sulphuric acid and 
brucine, but these substances do not occur in natural waters. ■ A 
point of special interest is that nitrous acid gives no reaction with 
brucine and sulphuric acid if the sample of water is mixed with several 
times its volume of concentrated sulphuric acid, so that the nitrous 
acid is completely converted into nitrosyl sulphuric acid, and the 
brucine is only dissolved in the perfectly cooted liquid (Lunge, cf. p. 361) ; 
also, no reaction is produced by ferric salts. As is well known, natural 
waters often contain traces of ferric hydroxide in suspension, and nitric 
acid is often accompanied by nitrous acid. For these reasons the 
brucine reaction is far more suitable for the detection of nitric acid in 
natural waters than the otherwise extremely sensitive reaction with 
diphenylamine in sulphuric acid solution, as the latter reagent gives 
a blue coloration, not only with nitric acid, but also with nitrous acid 
and with ferric salts. If 1 volume of the water to be examined is 
mixed with only 0-5 volume of sulffhuric acid, and brucine added to 
the perfectly cold liquid, the nitrous acid oply reacts and not the 
nitric acid, if the quantity of the latter present is not great; further, 
if 2 volumes of concentrated sulphuric acid are mixed with the water, 
and the brucine is dissolved in the hot liquid, both acids react, almost 
immediately, giving a yellow coloration. 

Ferrous salts interfere with both the diphenylamine and with the 
brucine test. If, for instance, the brucine sulphuric acid, which has 
been coloured pink with nitric acid, is treated with a drop of ferrous' 
gulphate solution, the liquid is immediately decolorised; if, however, 
the colour has already changed to yellow, no appreciable change is 
produced by the ferrous sulphate. Any ferrous iron, therefore, which 
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is present must be removed. This is effected by adding a few drops 
of sodium hydroxide solution, free from nitrate, to the sample of water, 
and using the clear solution, obtained either by sedimentation or filtra- 
tion, for the test* If the water is coloured, the organic substances must 
be removed by oxidation with potassium permanganate (cf. p. 750). In 
this case the nitrite will be oxidised to nitrate, and, after separate 
determination, must be deducted from the total nitrate obtained. 

A large number of methods are available for the quantitative 
^estimation of nitric acid, most of which depend either on the con- 
version of the nitric acid into easily determinable derivatives, such as 
nitric oxide or ammonia, or on the determination of the oxidising 
power of the nitric acid on certain substances, such as indigo; in 
addition, nitric acid can be determined colorimetrically by the brucine 
reaction, or by means of phenolsulphonic acid. A summary of the 
most important and satisfactory of these methods is given in the 
section on “ Nitric Acid ” (p. 309). 

The most important of these methods in water analysis are the 
Schulze-Tiemann method, in which the nitric acid is reduced to nitric 
oxide, Ulsch’s method, in which the nitric acid is reduced to ammonia, 
with iron, reduction to ammonia with the zinc-copper couple or with 
aluminium and sodium hydroxide, the Marx-Trommsdorff method of 
titration with indigo solution, and the approximate colorimetric 
estimations with brucine and -with phenolsulphonic acid. 

1. The Schulze-Tiemann Method, The nitric oxide obtained by 
the action of hydrochloric acid and ferrous chloride^ is collected in a 
graduated gas-mea»uring tube over a solution of' sodium hydroxide, 
previously boiled, and the content of nitric acid deduced from the 
volume of gas obtained. This method is of general application, and 
gives sufficiently accurate results after some practice, although the 
values obtained are usually slightly too low. Organic admixtures or 
inorganic compounds, which may be present together with nitrates, 
do not affect the results. A detailed description of the method is given 
in the section on “ Sewage ” (p. 822}. 

2. Ulsctis Method 1 depends upon the reduction of the nitric acid to 
ammonia by means of ferrum hydrog. reductum and dilute sulphuric 
acid ; the amount of nitric acid is deduced either from the amount 0% 

* hydrogen used up or from the amount of ammonia formed. The 
method is described on pp. 31 1 to 315. 

3. Reduction by the Zinc-Copper Couple? The nitrogen present as 

nitrite is determined by reducing it to ammonia, and estimating the 
lalter by Nesslerising (cf. p. 767). The method is simple, and accord- 
ing to Fowler, gives very accurate results. * 


1 Z. anal C hem., 1891, 30, 175 ; 1892, 31, 392. Z, angew, Chem n 1891, 4, 24 1. 

2 Cf. Sewage Works Analyses , by G. J. Fowler, pp.. 68-70. 

3 B 
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As is obvious, any nitrite present will also be reduced ; the nitrogen 
combined as nitrite must therefore be separately estimated and deducted 
from the nitrogen present as nitrate. 

The zinc-coppef couple is prepared as follows A piece of zinc 
foil about 15 cm. long by 5 cm. wide is rolled into a cylinder about 
i-5 cm. in diameter, then dipped for a moment into strong hydrochloric 
acid, to clean the surface of the metal, and afterwards well washed in 
water. The clean cylinder is transferred for a few moments to a 3 
per cent, solution of copper sulphate until evenly coated with a black* 
layer of copper. It is then again washed by gently immersing it in 
clean water so as not to dislodge the film of copper. 

Before bringing the sample into contact with the couple, it is 
advisable to first drive off any free ammonia, if much is present, as 
otherwise the total amount of ammonia to be determined by Nessleris- 
ing may be inconveniently large, and the free ammonia must be 
deducted from the total ammonia present after reduction. Any error 
in the determination of free ammonia will therefore affect the nitrate 
determination. 

One hundred c.c. of the water, or less if much nitrate is present, is 
diluted to 200 c.c. with distilled water free from nitrate and boiled 
down to about 50 c.c. This residual solution from which the free ammonia 
has been expelled is poured into a glass cylinder 15 cm. high by 
2*5 cm. in diameter, and the zinc-copper couple, prepared as above, 
added. Thorough contact of the couple and the solution is thus 
ensured. 

On slightly acidifying the solution with dilute srcetic acid (1 : 2), an 
evolution of hydrogen occurs which reduces the nitrate to ammonia. 
For the reaction to be complete it should be left overnight, and as a 
further precaution, a known volume of the solution may be tested for 
nitrites in the morning ; if present, it is evident that the reduction to 
ammonia is incomplete, and must be continued, but this is seldom, 
if ever, necessary. If the reduction is complete the solution is 
poured off from the couple into a litre flask, the couple washed free 
from adhering liquid and the washings added to the contents of the 
flask. Any free acid still remaining is neutralised with a little powdered 
$pdium carbonate ; tap-water is then added to make up the volume to 
about 500 c.c., and the ammonia distilled off and estimated as on p. 767. 

From time to time a blank experiment should be made with the 
reagents used, the whole process being conducted as above, with the 
exception that distilled water is substituted for the sample. Any 
ammonia found in the blank experiment must be deducted from tfie 
total amount obtained from the sample. 

4. The Marx-Trommsdorff Method depends upon the decolorisation 
of indtgo by nitric acid in presence of concentrated sulphuric acid. 
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It can be rapidly carried out, and in spite of its inherent sources of 
error, can be recommended in all cases in which an approximate 
estimate of the amount of nitric acid in a water is sufficient The 
following reagents are needed : — 

1. Dilute Indigo solution . — One g. of purest, powdered indigo is evenly 
ground up in a small porcelain mortar with 5 to 10 c.c. of fuming 
sulphuric acid, and allowed to stand in a warm place for one to two 
hours; indigo-disulphonic # acid is mainly formed together with a little 

* mono-sulphonic acid. The liquid is then poured into about 300 c.c. of 
distilled water, mixed, and filtered. This concentrated indigo solution 
is diluted to ten times its volume for use ; the solution must be kept in 
the dark. Best commercial indigo-carmine, the sodium salt of indigo-di- 
sulphonic acid, may be used instead of indigotin. In this case 2 g. of 
indigo-carmine are dissolved in 100 c.c. of dilute sulphuric acid, the 
solution diluted to about 300 c.c. and filtered ; this concentrated solution 
is similarly diluted to ten times its volume before use. 

2. Purest Sulphuric acid \ free from nitrite and nitrate. 

3. Potassium nitrate solution , of which 25 c.c. are exactly equiva- 
lent to 1 mg. of nitric anhydride (0*0749 g- KNO s per litre). 

The strength of the indigo solution must first be determined. For 
this purpose 25 c.c. of the potassium nitrate solution (=1 mg. N 2 0 5 ) 
are placed in a small conical flask and 25 c.c. of concentrated sulphuric 
acid added with stirring; the temperature rises to about 120°. Indigo 
solution is then run in from a burette with a glass stopcock, the contents 
of the flask being well shaken, until the colour of th£ solution changes 
from yellow to a permanent green. Towards the end of the titration, 
when the green colouration, produced as the indigo solution enters, 
changes more and more slowly to yellow, the solution must be added 
in small quantities at a time, and finally drop by drop, in order not to 
miss the final change. The quantity of indigo solution used is then 
noted. 

After this preliminary titration, a second estimation is made in 
which the total amount of indigo solution used in the first trial is added 
all at once and without Shaking the flask ; the whole is then shaken up 
until the liquid turns yeftow, and further indigo solution added drop by 
drop till a pale greenish coloration results. It is possible, in this way, 
to work so quickly that the temperature of the solution does not sink 
below ioo°. This second experiment shows the amount of indigo 
solution which corresponds to 1 mg. N 2 0 5 ; this should require from 
4 to 10 c.c. of indigo solution (Sendtner). 

The determination of the nitric acid in water is carried out in 
exactly the same manner as the titration of the indigo solution. For^ 
the first experiment 25 c.c. of the water are taken, 25 c.c. of sulphuric 
acid added, and the indigo solution run in, with constant shakingof the 
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flask, in a rapid sequence of drops, until the greenish shade is obtained. 
For the second titration, almost the total amount of indigo solution 
used in the first titration is added at once, and the operation continued 
as described above. After a little practice a third titration will agree 
with the second. The titration must be repeated a few times, as it is 
difficult at first to work sufficiently rapidly to prevent the temperature 
of the liquid sinking too low, with a water of which the content of nitric 
acid is unknown. 

The results are calculated as follows: — If 25 c.c. of the water take* 
6 c.c. of indigo solution, and 9 c.c. of the indigo solution are equivalent 


to 1 mg. N 2 O s , then the 25 jz. c. of the water contain 


6 

— = 067 mg. 


N 2 0 5 , and 1 litre of the water contains 40x0-67 = 26*8 mg. N 2 0 5 . 

If the content of nitric acid is more than 1 mg., or at the most 1-5 mg. 
N 2 0 5 per 25 c.c. of the sample — that is, if the first experiment requires 
more than 10 c.c. of indigo solution — it is necessary, in order to obtain 
accurate results, to dilute the water accordingly and to take the 
coefficient of dilution into account in calculating the result. Waters 
containing very little nitric acid must first be concentrated by 
evaporation. 

This method of estimating the nitric acid is very quick, but the 
results are only approximate; much depends on practice and on 
rapidity in manipulation. The presence # of considerable quantities 
of easily oxidisable organic substances decreases the accuracy, as these 
are oxidised by part of the nitric acid which would otherwise decolorise 
the indigo. According to Trommsdorff, the organic* matter should first 
be removed by oxidation with potassium permanganate. To effect 
this, 100 c.c. of the water are acidified with about 1 c.c. of concentrated 
sulphuric acid in a beaker and a few drops of potassium permanganate 
solution added ; the beaker is heated on the water-bath for ten to fifteen 
minutes, and oxalic acid solution added to the pink solution until it is 
just decolorised. After cooling, the liquid is diluted to 100 c.c., and the 
nitric acid determined as described. 

Should the water contain considerable quantities of nitrous acid, 
it is best similarly to oxidise it with potassium permanganate to nitric 
gfcid, and to deduct the amount of nitric acid thus formed from the 
result of the final titration. The nitrous acid is determined in a 
separate sample of the water by the method described on p. 759. 

5. Colorimetric determination with Brucine . The approximate 

amount of nitric acid can be determined colorimetrically by means of th£ 
reaction with brucine and sulphuric acid. 1 The method is most 
^ffuitable for the analysis of waters containing little nitric acid and which 
are not too much contaminated with organic matter. It can accordingly 
1 Qt Ckem . Zeit ., 1899, 23, 454 ; and 1901, 25, 586. 
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* 

be recommended for the analysis of drinking waters. The simplest 
manner of carrying out the determination is as follows : — 

Two small flasks of about 50 c.c. capacity are taken, into one of 
which 10 c.c. of the water under examination are poured and into the other 
10 c.c. of distilled water. So much pure brucine as will cover the point 
of a knife and a few drops of sulphuric acid are added to the contents 
of each flask, and after the brucine is dissolved 20 c.c. of concentrated 
sulphuric acid are added t& each. The sulphuric acid is poured slowly 
* down the side of the flask, in order to avoid ebullition of the liquid and 
loss of nitric acid. The water containing nitrate is coloured yellow, 
whereas the blank does not change colour at all, or becomes very 
faintly coloured if the sulphuric acid contains traces of nitric acid. 
Potassium nitrate solution is then added from a narrow burette to the 
distilled water solution whilst it is still hot, and the liquid shaken after 
addition of each drop until the colour of the two solutions is equal. 
Each c.c. of the potassium nitrate solution corresponds to o-i mg. 
N 2 0 5 = 0*1872 g. KNO s per litre. 

If the addition of the nitrate solution is not made sufficiently quickly 
the liquid in the comparison flask cools down too much, with the result 
that the red coloration with the brucine only changes slowly to yellow ; 
in this case it is advisable to heat the liquid over the free flame for a 
short time. If the sample contains nitrous acid the amount present is 
calculated to nitric acid (factor = 1*42) and deducted from the total 
found. 

The most satisfactory results are obtained if th§ amount of nitric 
acid present is frotff 2 to 30 mg. per litre ; if the water contains much 
nitrate it should therefore be diluted accordingly, and if less than the 
above minimum it should be concentrated by evaporation. Any con- 
siderable quantity of organic matter present must first be destroyed 
by permanganate as in the case of the indigo method (p. 756); the 
disturbing effect of ferrous iron is similarly overcome. 

If it is desired to express the result in terms of the nitric acid 
radical (N 0 3 ) the amount of nitric anhydride (N 2 0 5 ) found must be 
multiplied by 1*15. * 

The method may be improved by the use of special cylindrical, 
long-necked glass bottles of about 50 c.c. capacity, made from thiis- 
walled glass tubing of about 3 cm. diameter, instead of the ordinary flasks. 
The bottles have two marks indicating volumes of 10 c.c. and 30 c.c. 
respectively. 1 In order to compare the colour of the two liquids as 
accurately as possible, the bottles are held over a sheet of milk-glass and 
compared from above, using a screen of black paper. As the columns 
of liquid are longer In this case than when flasks are used, the wate*^ 
must be diluted if it contains more than 10 mg. of nitric acid per litre. 

1 These bottles can be obtained from Dr Karl Kiss, Glastechnisches Institute, Budapest. 
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The accuracy of the result may be controlled by adding potassium 
nitrate solution to distilled water until it contains the quantity of nitric 
acid found in the sample under examination, and then^ comparing the 
coloration obtained *on addition of the brucine and sulphuric acid ; 
both liquids should acquire the same depth of colour ; both can then be 
diluted to ioo c.c. and the colorations again compared. # 

6. Colorimetric determination with Phenolsulphonic Acid. The 
following description of this method is taken from the Report of the 
American Committee. 1 

Reagents . — x. Phenolsulphonic acid. Mix 30 g. of synthetic phenol 
with 370 g. of concentrated sulphuric acid in a round-bottomed flask ; 
put the flask in a water-bath and support it in such a way that it shall 
be completely immersed in the water. Heat for six hours. 

2. Ammonium hydroxide solution diluted with distilled water (1 : 1). 
Potassium hydroxide may be used. 

3, Standard Potassium nitrate solution . Dissolve 0-72 g. of pure 
recrystallised potassium nitrate in 1 litre of distilled water. Evaporate 
cautiously 10 c.c. of this strong solution on the water-bath ; moisten 
the residue quickly and thoroughly with 2 c.c. of phenolsulphonic acid, 
and dilute to 1 litre for the standard solution, 1 c.c, of which equals 
•000001 g. of nitrogen. 

Method of Determination. Evaporate 20 c.c. or less of the sample in 
a small porcelain evaporating dish on the water-bath, removing it 
from the bath just before it has come to dryness ; let the last few 
drops evaporate ^t r room temperature in a place protected from 
dust. When the sample is suspected to contain af large amount of 
nitrate, evaporate less than 20 c.c. ; if only a little, evaporate a larger 
volume. 

If the sample has a high colour, decolorise it before evaporating, by 
means of washed aluminum hydroxide. 

Add I c.c. of phenolsulphonic acid and rub this quickly and thoroughly 
over the residue with a glass rod, and then about 10 c.c. of distilled 
water, and stir with a glass rod until mfxed ; add next enough ammonium 
hydroxide solution (or potassium hydroxide, *if the operation must 
of necessity be carried on in a room where r ammonia distillations 
afe made) to render the liquid alkaline, transfer the liquid to a 
too c.c. Nessler tube, and fill the tube to the 100 c.c. mark with distilled 
water. 

If nitrates are present a yellow colour will be formed ; this may be 
compared with permanent standards made for the purpose, and whiclv 
keep satisfactorily for several weeks. The series of standards for 
^comparison is made by putting the following quantities of the 
standard nitrate solution into 100 c.c. tubes and making up to the 

*** 1 Loc, city p. 40. 
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ioo c.c. mark with distilled water, and then adding 5 c.c. of strong 
ammonia to the contents of each tube : — 


^ 

Volume of dilute 
Standard Solution 
added, in c.c. 

Weight of Nitrogen 
in mg. 

Volume of dilute 
Standard Solution 
added, in c.c. 

9 

Weight of Nitrogen 
in mg. 

•0 

0*000 

15*0 

0-015 

1*0 

o-ooi 

20-0 

0*020 

3-0 

0*003 

25*0 

0-025 

5*0 

0-005 

30*0 

0*030 

7*0 

0-007 

35*0 

0-035 

10*0 

0*010 

40-0 

0-040 


Compare the sample treated as above described with the standards by 
looking down vertically through the tubes at a white surface, so placed 
in front of a window, that it will reflect the light upwards through 
them. 

The figure obtained by this comparison divided by the number of 
c.c. of the sample which were evaporated gives the parts per million 
of nitrogen in the form of nitrate. 

Nitrous Acid. 

Nitrous acid is detected qualitatively by adding a few drops of 
potassium iodide solution and 1 c.c. of starch solution to about 50 c.c. 
of the water, placed in a cylinder of colourless glass, and then acidifying 
the liquid with a f«w drops of dilute sulphuric acid/ Iodine is liberated 
in presence of nitrous acid, and gives a blue coloration, the intensity 
of which varies according to the amount present. Direct sunlight 
should be avoided in making the test ; the reaction is also only decisive 
if the blue coloration takes place immediately, or at latest within five 
minutes. Mistakes are best avoided by carrying out a parallel test 
with 50 c.c. of pure distilled water. The reaction is delicate; 01 mg. 
of nitrous acid per litre of water gives a distinct blue coloration. With 
small quantities of nitrous acid the presence of considerable quantities 
of organic matter may prevent or considerably retard the reaction; it 
has, however, been shown by Preusse and Tiemann that the reducti<yi 
of nitrates in presence of sulphuric acid and organic matter, which 
Kammerer 1 regarded as likely to occur, does not take place. If iron 
is present in the water it must be removed, as ferric salts liberate iodine 
from solutions of metallic iodides (cf. p. 761). 

Tiemann and Preusse have applied the metaphenylenediamine 
reaction discovered by Griess 2 to the detection and quantitative estima- 
tion of nitrous acid in water ; triaminoazobenzene (Bismarck brown), 

1 Z. anal. Chem. % 1873, 12,377. 2 B er "> 1878, II, 624. * ♦ 
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substance of pronounced colour, is formed. The reaction is extremely 
sharp ; with practice the coloration produced by 0-03 mg. of N 2 0 3 per litre 
can be recognised after an interval of about ten minutes. The reagent is 
prepared by dissolving 5 g. of metaphenylenediamine m water, adding 
dilute sulphuric acid at once until the liquid shows a distinctly acid 
reaction, and then diluting with distilled water to r litre. If the 
solution is coloured it must be decolorised by warming with ignited 
charcoal. It can be satisfactorily kept for* months in a well-closed 
vessel. 

To detect nitrous acid, 100 c.c. of the water are acidified with 1 c .c. 
of 30 per cent, sulphuric acid, in a cylinder of colourless glass, and 1 c.c. 
of the metaphenylenediamine solution added; a yellowish, golden- 
yellow, or yellowish-brown coloration is produced, according to the 
amount of nitrous acid present. The presence of organic matter does not 
affect the reaction. Aqueous solutions of metaphenylenediamine are 
very sensitive to the action of ferric compounds which colour them 
more or less yellow, but excess of sulphuric acid makes the diamine 
solution much more stable in this respect, so that the presence of small 
quantities of iron compounds does not essentially influence the reaction 
if the test is carried out as described above. 

A subsequent method for detecting nitrous acid, also proposed by 
Griess, 1 but modified by Ilosvay 2 and by Lunge, 3 depends on the fact 
that an acetic acid solution of a-naphthylamine and sulphanilic acid 
gives a distinct red coloration after a short time in presence of extremely 
small quantities of^ nitrous acid ; the sulphanilic acid is converted by 
the nitrous acid into "the corresponding diazo-compoimd, and the latter 
reacts with the a-naphthylamine to form a red azo-dye. Pagnini 4 
fixes the dyestuff on wool. ° 

The reagent is prepared as follows : 5 — 

_ (*) One g. of sulphanilic acid is dissolved in 147 g. of glacial acetic 
acid and 285 cc. of water. This is best done by warming the sulphanilic 
acid with the glacial acetic, to which an equal bulk of water has been 
added. The remaining water should" be added carefully, the mixture 
being warmed and stirred to keep the sulphanilie acid in solution. 

(2) o-2 g. of a-naphthylamine is dissolved" in 147 g. of glacial 
aqftic acid and 325 c.c. of water. As in the case of the sulphanilic acid, 
the naphthylamine is best dissolved by warming, first with the acid, 
to which about twice its volume of water has been added, and after- 
wards adding the remainder of the water. 

Equal volumes of the two solutions are mixed for use. The greater,, 
proportions of the solutions should, however, be kept separately, not 

1 Ber., 1879, 12, 4.27. 2 Bull. Soc. Chirn., 1889 [3], 2, 317. 

8 Z. angevj. Chem . , 1889, 2, 666. 4 Chem. Centr., 1902, II., 770. 

JL £/"• Fowler, Sewage Works Analyses , p. 64, 
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more than two or three days' supply of the mixture being made up 
at once, as it tends to turn pink, owing to the development of nitrite 
in the solution from ammonia in the air. 

To carry out the test, 20 c.c. of the water are rrrixed with 2 to 3 c.c. 
of the reagent and warmed to 70° to So°. In presence of o-ooi mg. of 
nitrous acid per litre, a red coloration is observed within one minute. 
The test must be performed in filled stoppered vessels, as the nitrous 
acid present in the air is sufficient to show a reaction, the coloration 
. from which travels down through the liquid from above, if its surface 
is exposed to the atmosphere for some time. According to observations 
by Tiemann the presence of nitric acid, ammonia, or of organic matter 
in the water exerts no appreciable effect- on the reaction. 

If nitrous acid is only present in traces its qualitative detection is 
usually sufficient. The quantitative estimation of minute quantities 
is effected colorimetrically by the methods of Trommsdorff, 1 Preusse 
and Tiemann, 2 or Lunge and Lwoff (p. 377) ; larger amounts of nitrous 
acid are determined iodometrically as follows : — 

One hundred c.c. of the water are poured into a flask of 200 c.c. 
capacity, acidified with 20 c.c. of 10 per cent, hydrochloric acid, and 
2 to 3 c.c. of starch solution added ; about 5 g. of pure potassium 
hydrogen carbonate, in fair-sized crystals, are tiien added to the liquid 
After gas has been evolved for about one minute, a small crystal 
(0*1 to 0-2 g.) of potassium iodide is added, and the separated iodine 
titrated after five minutes, % with a very dilute sodium thiosulphate 
solution, of which 1 c.c. is preferably equivalent to o-i mg. N 2 0 3 . This 
solution is prepared either by diluting 26-3 c t c. of Nj 10 sodium thio- 
sulphate solution to 1000 c.c., or by dissolving 0-6532 g. of pure 
Na 2 S 2 0 3 . 5 H 2 0 in water and making up to I litre. The blue colora- 
tion of the liquid should not return within ten minutes of the com- 
pletion of the reaction, otherwise the expulsion of the air or of the 
nitrogen monoxide was incomplete. 

If the sample is turbid, or coloured yellow by iron-rust, it must first 
be filtered; it is also advantageous to remove ferrous iron. To remove 
all the iron with certainty, 1 to 2 c.c. of sodium hydroxide solution, 
free from nitrite, are added to 250 c.c. of the water, which is then 
allowed to stand in a completely filled stoppered flask for half a day*; 
the water is then decanted or filtered off from the precipitate and the 
nitrous acid estimated. 

Should the water contain considerable quantities of organic matter, 
this might combine with part of the liberated iodine, and thus give 
too low a value for the nitrous acid. To eliminate this source of error, 

1 c.c. of iodine solution is added to 100 c.c. of the water under examin^ 
tion and to 100 c.c. of distilled water, and the iodine remaining in each 
1 Z . anal . Chem . 1869, 8, 358 ; 1870, 9, 168. 2 Ber ,, 1878, II, 627/ 



762 


DRINKING WATER AND WATER SUPPLIES 


liquid titrated after five minutes; the difference corresponds to the 
correction to be added. This method can of course be adopted without 
modification in the case of water clarified by filtration or by sedimenta- 
tion, but not if it hcLs been clarified with the help o? caustic alkali 
when it is strongly alkaline ; in the latter case pure carbon dioxide is 
first passed through the liquid until it no longer turns phenolphtl^alein 
paper red ; a large excess of carbon dioxide is to be avoided. 

Phosphoric Acid. 

To test for phosphoric acid qualitatively, from 500 to 1000 c.c. of the 
water are acidified with nitric acid and evaporated to dryness in a glass 
dish ; the residue is repeatedly -moistened with nitric acid and dried as 
thoroughly as possible. It is then extracted with a few drops of nitric 
acid and about 10 c.c. of distilled water, filtered, and the filtrate treated 
with 10 c.c. of ammonium molybdate solution, to which nitric acid has 
been carefully added until the precipitate formed in the first instance is 
just dissolved, and the whole warmed to 6o° to 8o.° In presence of 
phosphoric acid a yellow, heavy precipitate is formed, either at once or 
after standing for some time. 

+ Carbonic Acid. 

Natural waters usually contain but little free carbonic acid, the 
greater part being combined in the form of bicarbonates. As these 
latter compounds easily give up half of their carbon dioxide, a distinc- 
tion is made between half- and completely-combined carbonic acid. 

The presence of carbonic acid in water is detected by the white 
turbidity formed on addition of clear lime-water. 

To test for free carbonic acid, 1 c.c. of distilled water is treated with 
one drop of phenolphthalein solution and one drop'of very dilute sodium 
hydroxide solution, and from 5 to 20 c.c. of the water under examination 
then added to the rose-red liquid so obtained ; if decolorisation takes 
place in a few minutes, free carbonic acid is present. Any acidity due 
to peat acids should be determined in* a separate portion of the sample, 
after boiling off the carbonic acid. • 

To test for combined carbonic acid — that is, fdr bicarbonates — 1 c.c. of 
distilled water is treated with a drop of methyl orange solution and a 
drop of very dilute hydrochloric acid and from 5 to 20 c.c. of the sample 
then added to the red solution obtained in this way ; if the colour is 
changed to yellow, bicarbonates are present 

Trillich 1 gives the following volumetric method for the quantitative 
determination of free carbonic acid. A 100 c.c. measuring-flask, the 
n^rk of which is situated low down on the neck, is filled with the water 

1 Die Miinchener Hochquellenleitung aus dem Mangf alltale, 1890, II., p. 63. Anleiiung zu 
kygunimheh Untersuchungen , Emmerich and Trillich, 3rd ed,, p. 120. 
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to be examined by passing it through the flask for some time, so as to 
thoroughly replace the water which first enters, and which loses some 
carbon dioxide through contact with the air (cf. p. 776). The water 
above the mark is removed by means of a pipette, ttn drops of alcoholic 
phenolphthalein solution added, followed by Nfi o sodium carbonate 
solution, which is added drop by drop until the liquid has attained a 
pale rose colour which, after carefully inverting the stoppered flask once, 
remains permanent for fr/e minutes. Each c.c. of sodium carbonate 
^solution used corresponds to i-ii c.c. or 2-2 mg. C 0 2 . 

To obtain the total volume of combined carbonic acid, that is, the 
sum of the half-combined and completely-combined carbonic acid, in 
c.c. per litre of water, the number of c.c. of Njio hydrochloric acid used 
in the determination of the “ Alkalinity ” (p. 737) is multi- 
plied by 22-3 ; multiplying by 44 gives the carbon dioxide 
in g. per litre of water. 

The sum of the free and combined carbonic acid gives 
the total carbonic acid. The above methods enable the 
combined carbonic acid to be determined accurately, but 
the free carbonic acid only approximately ; the value found 
for the total quantity of carbonic acid is accordingly also 
only approximate, but it is sufficiently correct tt> meet the 
requirements ordinarily demanded in an analysis of drink- 
ing water. * 

An exact determination of the total carbonic acid can be 
made either gas-volumetrically by the Lunge-March]ewski 
method (p. 149), or^>y the following gravimetric method, in 
which it is expelled by hydrogen generated in a given 
volume of the water, and weighed after absorption. 1 The 
total carbon dioxide can also be determined by Adeney’s 
method (p. 780). 

The water is collected at the source of supply in the stoppered 
bottle a (Fig. 185) of 500 to 600 c.c. capacity, particular care being 
taken that no water which has been in contact with the atmosphere 
remains in the bottle (cf.'p. 776). After filling the bottle to overflowing 
it is stoppered, and the stopper fastened down with a thin piece of sheet 
rubber. For the determination, the stopper is replaced by the cylinder £ 
and 20 g. of granulated zinc added ; it is preferable to put the zinc in the 
bottle before charging with the water, and allow for its volume ; 20 g. 
zinc = 2*5 c.c. The zinc should be previously washed, first with dilute 
hydrochloric acid and then with water, to remove any adherent zinc 
carbonate. The dropping-funnel c is then placed in position on as 
shown, and a calcium chloride tube attached at d\ the other end of th^^ 
calcium chloride tube is connected with a weighed potassium hydroxide 
1 L. W. Winkler, Z. anal Chem 1903, 42, 735. * ^ 



Fig. 185. 
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absorption apparatus. Fifty c.c. of 20 per cent, hydrochloric acid to 
which a drop of platinum chloride solution has been added are then 
gradually run into a through the dropping-funnel c, about an hour being 
taken for the addition. After the hydrogen has been generated for 
three hours the carbon dioxide is completely expelled. Finally, the 
hydrogen in the absorption apparatus is removed by passing a current 
of dry air free from carbon dioxide. The increase in weight of the 
absorption apparatus gives the weight of total carbon dioxide present 
in the water; 1 g. C 0 2 = 506-4 c.c. 

Calcium and Magnesium. 

These substances are determined gravimetrically by the usual 
methods (cf. p. 405 et seq,). 

The calcium can also be estimated volumetrically by Mohr’s method, 
in which it is precipitated as calcium oxalate with an excess of titrated 
oxalic acid solution, and the excess of oxalic acid titrated back with 
potassium permanganate solution. The method is sufficiently exact for 
most hygienic purposes. 

The magnesium can also be determined volumetrically. Of the 
various methods which have been proposed, that of Pfeifer 1 is carried 
out as follows : — * 

One hundred c.c. of the water are titrated, whilst boiling, with NJ 10 
acid, with addition of alizarin, as in Warth§’s method for the determina- 
tion of alkalinity (p. 739). The water, which is then free from carbon 
dioxide, is rinsed ytfth boiled distilled water into a 200 c.c, graduated 
flask and treated with a measured excess (25 to 5o # c.c.) of lime-water; 
the flask is filled to 5 c.c. above the mark, closed with a rubber stopper, 
well shaken, cooled after a few minutes, and then the liquid poured 
on to a large pleated filter. The excess of calcium hydroxide is 
titrated back in 100 c.c. of the filtrate. The content of magnesium is 
calculated from the amount of calcium hydroxide used up ; 1 c.c. of Njio 
calcium hydroxide solution corresponds to 2-0 mg. MgO. 

This method, if carried out with a little care, gives quite satisfactory 
results. It is important to use sufficient excesS*of the precipitant The 
strength of the lime-water should be checked by a blank experiment, in 
order to eliminate experimental errors. 

The total hardness of the water can be calculated ( cf . p. 739) 
from the gravimetrically or volumetrically determined quantities of 
calcium and magnesium. 

• 

Sodium and Potassium. 

^ An ordinary water contains only minute quantities of sodium and 
potassium, the quantity of the former being almost always many times 

’ ^ #5 1 Z . angew , Chem 1902 , 1 $, 199 . 
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greater than that of the latter. These constituents of natural waters 
are generally of but little importance, either from a hygienic or 
technical standpoint ; accordingly their direct estimation 1 is seldom 
undertaken. * 

If the calcium, magnesium, the total combined carbonic acid, sulphuric 
acid, nitric acid, and chlorine have been determined, the amount of the 
alkalis can be calculated. The result is certainly not exact, as is the 
case with most determinations by difference, but it is sufficiently correct 
4 or most purposes. 

To arrive thus at the quantity of alkalis present, the quantities of 
bases and of acids found are divided by their equivalents and the 
quotients obtained for the bases and acide respectively added together. 
If the water contains alkalis the sum of the quotients from the bases 
will be smaller than the sum of those from the acids, and the difference 
multiplied by the equivalent weight of sodium oxide will give the 
amount of alkali in terms of Na 2 0. 

The following data of the water supplied to Budapest (April 1901) 
will serve as an example of the calculation. The subjoined table gives 
the analytical results, the equivalent weights of the bases and acids and 
their quotients : — 




In 1000 c.c. Water. 

Equivalent Weights. 

Quotients. 

Calcium oxide 
Magnesium oxide 

• 

• 77-8 mg. 

• 24-3 „ 

J CaO = 28*0 

J MgO = 20-0 

2-781 

1*22 

-4*00 

Chlorine* 


• • 3-7 

Cl = 35-5 

0*1 o' 


Sulphur trioxide . 

. 

• 28-9 „ 

i SO s = 40*0 

0*72 

U*3 7 

Nitric anhydride . 

. 

* 4*5 » 

i n 2 n 6 =^-o 

0*08 I 

Combined carbon dioxMe . 

• 76*3 

£ C0 2 = 22-0 

3-47 J 



* It would be more correct , as dualistic formula are used, to express this as hydrochloric acid \ and 
not as chlorine . But as the amount of chlorine is never expressed as hydrochloric acid in the results 
of water analyses, it is preferable to leave it as chlorine , especially as this has no influence on the value 
of the quotient . 

The totals 4-00 and 4-37 differ by 0-37; this number multiplied by 
the equivalent weight of sodium oxide = 31, gives 11-5 mg. Na 2 0 per 
litre. • 

Ammonia and nitroug acid, etc., need only be taken into considera- 
tion if present in comparatively large quantity. Silica, though present 
in all waters, is of no consequence, as the silicic acid has no effect ojj 
methyl orange in the determination of the alkalinity. 

Ammonia. 

The potassium-mercury-iodide solution first recommended by 
J* Nessler, which consists of a solution of the double compound of 
potassium and mercuric iodides (K 2 HgI 4 ) in potassium or sodiun^ 
hydroxide solution, forms an extremely sensitive reagent for the 
1 Cf Thresh, loc. ciU, p. 242 ; also, Tiemann-Gartner, loc t cit, p. 108. 
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detection of ammonia. It gives a strong brownish-yellow coloration 
with extremely dilute ammonia solutions ; the reaction is so sensitive 
that 0*05 mg. of ammonia can be detected in 1 litre of water. As, 
however, most natural waters contain considerable quantities of 
calcium and magnesium salts, a precipitate consisting of calcium 
carbonate and magnesium hydroxide is formed on addition of 
this reagent, which exercises a very disturbing effect in testing for very 
small quantities of ammonia. In order, therefore, to test for ammonia in 
natural waters it is necessary either to first remove the calcium and 
magnesium compounds by means of sodium hydroxide solution or to 
prevent their precipitation by the use of Rochelle salt; the latter 
procedure is certainly the simpler. 

Nessler* s Reagent as used for the detection and colorimetric estima- 
tion of ammonia is made up as follows : 1 — 

62*5 g* of potassium iodide are dissolved in about 250 c.c. of distilled 
water, 10 c.c. of this solution are set aside, and into the remainder is 
carefully run a cold saturated solution of mercuric chloride, A brilliant 
red precipitate of mercuric iodide is formed, which at first quickly 
redissolves on shaking. The addition is continued till a permanent pre- 
cipitate is obtained. This is redissolved by the potassium iodide held 
in reserve, and more mercuric chloride is added, drop by drop, until, after 
stirring, a red opalescence remains. One hundred and fifty g. of 
potassium hydroxide, dissolved in distilled water and allowed to cool 
are then added gradually, with continueS shaking, to the opalescent 
solution. The whoje is made up to 1 litre, allowed to settle, and the 
clear liquid decanted into a bottle. • 

The Nessler solution improves on keeping, and should therefore be 
made up some time before it is required for use. Special attention 
must be given to the end-point of the addition of the mercuric chloride 
to the iodide solution. If the potassium iodide be in excess, the reagent 
will not be delicate, and the coloration with ammonia will be a long time 
in reaching its full intensity. On the other hand, the addition of an 
excess of mercuric chloride will give excess of mercuric iodide, which 
will dissolve when the potassium hydroxide is added, and the reagent will 
be exceedingly delicate and the full coloration Vill be obtained rapidly. 
The solution is liable, after the ammonia tubes have stood for about ten 
minutes, or even less, to become turbid and deposit a red crystalline 
precipitate, so that, whilst maximum delicacy is required, this turbidity 
is to be avoided. Practice is the only guide to making up a good Nessler 
solution : 1 c.c. of the solution should give a coloration with 0*008 mg. 
NH 3 = 0*8 c.c. N/100 ammonium chloride solution in 50 c.c. of pure 
^yater. 

1 Cf, Fowler, Sewage Works Analyses , p. 41 Wanklyn and Chapman, Water Analysis , 
8th e< 3 ftion, 1891, p. 33. 
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Aochelle Salt solution. Fifty g. of crystallised Rochelle salt are dis- 
solved in ioo c.c. of warm water, and 5 c.c. of Nessler’s reagent added 
to the filtered solution in order to prevent mould-formation. Also, the 
solution should be kept in the dark. As commfercial Rochelle salt 
almost always contain traces of ammonia, the liquid is yellowish at 
first, ]jut becomes colourless on standing for from two to three days. 

If it is necessary to filter the above Rochelle salt solution or the 
Nessler reagent itself, this* is best done through a small plug of cotton- 
•wool, rejecting the first portions of the filtrate. 

For the detection of ammonia, 50 c.c. of the water to be examined 
are treated with 1 c.c. of the Rochelle salt solution and 1 c.c. of Nessler’s 
reagent in a cylinder of colourless glass, and the colour of the liquid 
then observed by looking down through it obliquely on to a sheet of 
white paper placed below. If the water was originally colourless, a 
yellow or brownish-yellow tint is produced in presence of the smallest 
traces of ammonia. 

The quantitative colorimetric estimation 1 is carried out as follows : — 

Two glass-stoppered bottles each of about 150 c.c. capacity are 
required ; cut-glass bottles are the most suitable, as they permit of the 
clearest observation of the colour. Glass cylinders about 4 cm. wide 
and 20 cm. high may also be used. One hundred c.c. of the water to be 
examined are placed in one of the bottles and the same quantity of 
ordinary water free from anynonia, or of distilled water, in the second ; 
to each is then added 2 to 3 c.c. of Rochelle salt solution, followed, drop 
by drop, by the same quantity of Nessler’s reagent^ with stirring. A 
standard ammoniufn chloride solution, of which each c.c. is equivalent 
to o*i mg. NH 3 , is then added, drop by drop, from a narrow 
burette, with shaking, to the contents of the bottle containing the 
ammonia-free water, until the colour of the two liquids is identical. 
The number of c.c. of ammonium chloride solution used gives the 
content of ammonia in the water under examination, in mg. per litre. 

The ammonium chloride solution used for the estimation is prepared 
by dissolving 0*315 g. pure dry" ammonium chloride in water and 
making up to 1 litre. • 

More exact results may be obtained by preparing a set of standard 
tubes either from Nessler’s reagent with varying quantities of standard 
ammonium chloride solution, or from permanent standards made by 
mixing solutions of platinum and cobalt salts. 2 

The ammonia is then determined by adding 2 c.c. of Nessler’s.reagent 
t$ 50 c.c. of the sample and comparing the coloration with an equal 
volume of the standard mixture. It is important that the temperature of 
the sample and of the standard should be as nearly as possible the samg^ 

1 Cf JU W. Winkler, Chem, Zeit., 1899, 23, 454 and 541 ; 1901, 25, 586. 

2 Cf, Report of American Committee on Water Analysis, loc, cit p. 33. 
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The reagents (Nessler solution and Rochelle salt) cannot be^kept 
ready mixed, because even after standing for one day crystalline 
mercurous iodide begins to separate in golden yellow scales resembling 
lead iodide, the quantity of which steadily increases; the reagent is 
then no longer suitable for the colorimetric estimation of ammonia, as 
it gives rise, not only to a coloration, but also to a turbidity. The best 
plan is to mix equal volumes of the two reagents as required, and to 
use 5 c.c. of the mixture for each experimer?t ; this mixture is referred 
to as the “ mixed reagent.” The 5 c.c. of mixed reagent should be* 
added to the 100 c.c. of water drop by drop, not all at once, as in the 
latter case a lemon-yellow coloration is often obtained instead of a 
brownish-yellow, which is prejudicial to the colorimetric comparison. 
Should the use of the mixed reagent cause a precipitation of mercuric 
iodide, which is usually due to the use of freshly prepared Nessler’s 
reagent, o-i to 0-2 g. of potassium iodide are dissolved in 50 c.c. of the 
latter ; a larger addition of potassium iodide diminishes the sensitive- 
ness of the test. 

Natural water is more ’Suitable for comparison than distilled water, 
as the latter is usually less easily obtained free from ammonia. 
According to Winkler, the distilled water of laboratories often contains 
ammonia, which is only exceptionally derived directly from the air, 
being more probably due to the action of bacteria. 

If the water under examination is turbid it must be filtered ; it is 
advisable, in this case, to use a small filter paper and to reject the first 
100 to 200 c.c. of the filtrate, which may have absorbed ammonia from 
the paper. If the water is very hard the mixed* reagent causes a 
precipitate of the tartrates of the alkaline earths; in this case 100 c.c. 
of the water must first be mixed with 5 c.c. of the Rochelle salt solution 
and then with the mixed reagent. 

The colorimetric determination cannot, of course, be made without 
preliminary treatment if the sample is coloured. It is sometimes 
possible to obtain a colourless liquid by adding to 500' c.c. of the water 
I c.c. of sodium hydroxide solution ^.nd an equal quantity of sodium 
carbonate solution, as the precipitate which is* thus formed may carry . 
down the coloured ingredients. If this method of decolorisation fails, 
tfeat proposed by Miller 1 should be used, according to which the 
ammonia is distilled off, after addition of sodium carbonate, either with 
or without previous dilution, and determined colorimetrically in the 
distillate with Nessler's reagent. Special care must be taken in this 
case to be sure that the apparatus used is perfectly clean. The water 
under examination must fill at least two-thirds of the retort used for 
^tjje distillation, and not more than two-fifths of the original volume 
of the water is distilled over. Emmerling 2 recommends that, in 
♦ 1 /. Ckem . Soc. t 1849-50, 3, 117. 2 Ber ., 1902, 35, 2291. 
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prescribe of albumen, the water should always be distilled for the 
determination of ammonia, as the direct determination in such cases is 
always inexact. 

Should larger quantities of ammonia be present* which very rarely 
occur, however, in the case of an ordinary water supply, the sample 
may be distilled with sodium carbonate and the liberated ammonia 
determined in the distillate either alkalimetrically or by precipitation 
as ammonium platinichloride, with subsequent ignition and weighing 
of the residual platinum. 1 

Albuminoid and Proteid Ammonia. 

The nitrogenous organic substances ' which contaminate natural 
waters are of varying origin. Urea, hippuric acid, and uric acid may 
be introduced from human urine, or from that of carnivorous or 
vegetarian animals; leucine, tyrosine, aspartic acid, glutaminic acid, 
indole, skatole, etc., from excrements or from decay of albumins of 
either vegetable or of animal origin. Some idea of the amount of 
nitrogenous organic matter is obtained by the determination of the 
so-called Albuminoid Ammonia? This is done by distilling a measured 
sample of the water with a strongly alkaline potassium manganate 
solution and estimating the amount of ammonia in the distillate. An 
indication may also be obtained of the amount of nitrogenous organic 
impurities, in solution and suspension in water, in a simpler manner, 
'by oxidising with potassium persulphate in acid solution, and then 
determining the amount of ammonia formed colorimetrically in the 
, liquid, thus avoiding a distillation. This is known as the determination 
o.f the Proteid Ammonia? It is important to recognise that these 
determinations do not permit of the calculation of the absolute amount 
of nitrogenous organic matter present ; the results obtained serve only 
as a guide to the proportions of these substances. 

Albuminoid Ammonia. — The determination of albuminoid ammonia 
is conveniently combined with the estimation of the inorganic ammonia 
(free ammonia) present as such in the water. Miller’s distillation 
method is employed for the determination (p. 768). In addition to the 
reagents already described for the determination of free ammonia, an 
■alkaline potassium manganate solution is required; this is prepared as*" 
follows : — 

One hundred g. of pure, commercial potassium hydroxide and 4 g. 
of crystallised potassium permanganate are dissolved in 500 c.c. of 
distilled water, and the solution boiled vigorously for fifteen minutes 

1 Cf> Tiemann-Gartner, loc. cii. , p. 125. 

1 2 Cf. Water Analysis , by J. A. Wankiyn and E. T. Chapman, loc . « 7 ., p. 28 ; also, Tiemann-^- 
Gartner, loc . ciL, p. 263. 

3 L, W. Winkler, Z. anal Chem 1902, 4 2, 290. * 

3 c 
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in a large conical flask. Any traces of ammonia or of nitrogenous 
organic matter are thus expelled or destroyed. The concentrated 
liquid is then allowed to cool in a place free from ammonia, diluted 
with water to 500 <*c. and kept in a bottle provided with a well-ground 
glass stopper. 

• The determination is carried out in a tubulated retort of # rather 
more than 1 litre capacity, the tubulure of which is provided with a 
ground-glass stopper. It is so connected «with a condenser that the 
neck of the retort points somewhat obliquely upwards, and th£ 
condenser obliquely downwards.; the neck of the retort is bent down- 
wards at an obtuse angle at the end, and is drawn out so that it has the 
same diameter as the inner* tube of the condenser, with which it is 
connected by a piece of boiled-out, black rubber tubing, in such a way 
that glass touches glass, and the steam accordingly comes into contact 
with the rubber as little as possible. Five hundred c.c. of the water 
under Investigation are poured into the retort through the tubulure. 
Should the sample be acid, a little freshly ignited sodium carbonate 
must be added, in order to liberate the free ammonia, but this addition 
is usually unnecessary, as an ordinary water supply generally contains 
alkaline earth carbonates. The liquid is then distilled as quickly as 
possible, by heating the retort, at first carefully, with the naked flame 
of a triple burner, or in a suitable Babo funnel. The distillate is 
collected in two fractions, each of 100 c.c., in large Nessler glasses, and 
the distillation momentarily stopped when the second glass is full. 
The two glasses contain the whole of the free ammonia in the 500 c.c. 
of water, which is determined colorimetrically with Kessler’s reagent. 

After allowing to cool for a short time, the stopper of the retort is 
removed, and 50 c.c. of the strongly alkaline potassium manganate 
solution poured into the liquid, with gentle shaking, through a carefully 
cleaned glass funnel. The retort is then closed and the distillation 
resumed, two further fractions of 100 c.c. each being collected. This 
distillate contains the ammonia formed from the nitrogenous organic 
compounds, and is also colorimetrically estimated with Nessler’s 
reagent. 

Proteid Ammonia. — The following solutions are required for the 
^determination of proteid ammonia in natural water : 1 — 

1. Potassium Persulphate solution . Commercial potassium persulphate 
, usually contains considerable quantities of the ammonium salt, and 
must therefore be purified. For this purpose 15 g. of the salt are 
powdered and dissolved in 100 c.c. of water at 50° to 6o°, with addition 
of 1*5 g. of potassium hydroxide. The solution is filtered througR a 
small plug of cotton wool, and allowed to stand in a cool place for a 
m few hours. The crystals which separate are collected, washed with 
1 Cf t L. W. Winkler, Z anal Chem n 1902, 4 2, 295. 
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cold vtater, and dried at the ordinary temperature. For use, I g. of 
the pure, powdered persulphate is dissolved in roo c.c. of water. The 
solution does not keep long, and large quantities should, therefore, not 
be made up. Tlie fresh solution is neutral, and giv^s no turbidity with 
barium chloride ; a decomposed solution contains potassium hydrogen 
sulphate, gives an acid reaction, and is precipitated by barium chloride. 

2. ^Approximately N/$ Sulphuric Acid. Six c.c. of pure concentrated 
sulphuric acid are diluted with water to I litre. 

„ The reagents used for the determination of the liberated ammonia 
are the same as those required for the estimation of free ammonia. 

The determination of proteid ammonia is carried out as follows : — 
A flask of about 200 c.c. capacity is first rinsed out with the water to 
be examined, and 100 c.c. of the sample then introduced; 5 c.c. of Nf 5 
sulphuric acid, and 5 c.c. of the potassium persulphate solution are 
then added. The liquid should then be acid ; if it is not, 5 c.c. more 
of the sulphuric acid are added. The flask is placed in a water-bath, 
in which the water is boiling vigorously, so that the whole of the 
lower portion of the flask is exposed to the steam, and the neck covered 
with a small beaker to prevent any appreciable loss by evaporation. 
After remaining on the water-bath for fifteen minutes, the flask is 
removed and the contents cooled completely by running water. The 
liquid is then poured into a cut glass bottle of about 150 c.c. capacity, 
or into a Nessler cylinder, and 5 c.c. of the “ mixed ” Nessler reagent 
(p. 768) added drop by drop. A separate 100 c.c. of the sample is 
also poured into a similar bottle or cylinder, and treated with 5 or 
10 c.c. of Nj 5 sulphuric acid, 5 c.c. of the mixed Nessler reagent added 
drop by drop, and 5 c.c. of the potassium persulphate solution. The 
latter liquid will be slightly coloured, whilst the sample which has been 
heated will be darker according to the proportion of ammonia present. 
To determine the amount of proteid ammonia, ammonium chloride 
solution (1 c.c.=oi mg. NH 3 ) is added drop by drop to the less 
strongly coloured solution until the colorations are equal. The number 
of*c.c. of ammonium chloride solution required to effect this gives the 
amount of proteid ammonia in mg. per litre of the original water. 

The addition of sulphuric acid and persulphate solution to the 
solution used for comparison is important, as the reagents almost^ 
always contain traces of ammonia which would cause considerable error, 
which is avoided by the above method of procedure ; also the proteid 
ammonia is determined independently of any free ammonia in the 
original water, as this is present in equal amount in both of the liquids 
under comparison. 

The proteid ammonia determination is especially applicable to the 
analysis of drinking water. # 

The determination of albuminoid ammonia is more suitable in^he 
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case of very turbid and coloured waters. The proteid ammonia 
determination can be carried out with waters which have been filtered, 
and if necessary diluted, but the values found refer onljr to the dissolved 
nitrogenous matter and not to that present in suspension, as this 
is, of course, removed by the filtration. 

The most minute amounts of substances of animal origin present 
in water can be detected- with certainty by means of a proteid 
ammonia estimation ; if, for instance, io e.c. of urine are added to 
x cubic metre of water, oi mg. of proteid ammonia per litre will be 
found, even after a lapse of several weeks. 

Iron. 

Iron is usually present in water, in solution as ferrous hydrogen 
carbonate ; on standing in the air it is precipitated as insoluble brownish- 
red ferric hydroxide. In testing water for iron it is therefore necessary 
to note whether the iron has already separated in the form of flocculent 
particles ; if this is the case, the yellowish-brown sediment must be 
collected on a filter, digested with hot, dilute hydrochloric acid, free 
from iron, and the solution tested for iron, after dilution, with potas- 
sium ferrocyanide or with ammonium thiocyanate. 

If the iron is in solution it is best tested for qualitatively by adding 
a few drops of sulphuretted hydrogen water and i to 2 drops of 
ammonia to 100 c.c. of the sample; o-i mg. of ferrous iron in the 
100 c.c. gives a distinct brown, and 001 mg. a perceptible coloration. 
To check that the reaction is not due to traces of lead or copper, acetic 
acid is added to tiie brown liquid to acid reaction^ the coloration is 
destroyed if only due to iron, otherwise lead or copper is present. The 
reaction of ammonium sulphide with ferric iron is far less sensitive. 
A very dilute solution of a ferrous or ferric salt is coloured bluish- 
green by ammonium sulphide, in presence of much ammonia. 

Iron is determined .quantitatively either by titration or colorimetric- 
ally according as to whether it is present in appreciable quantity or only 
in traces ; the latter method is usuaily preferable. - 

For the volumetric estimation from 500 jto 1000 c.c. of the water 
are evaporated to dryness in a glass dish with*a few c.c. of hydrochloric 
^cid and 0*1 to 0*2 g. of .potassium chlorate, which is added to destroy 
organic matter. If the iron has separated out through long standing, 
the entire contents of the sample bottle are used for the determination 
• and the volume of the water found by subsequently calibrating the 
bottle. The bottle must be rinsed repeatedly with warm hydrochloric 
■ acid so as to completely remove any iron compounds adhering to the 
sides. The residue from the evaporation is warmed for some time on 
water-bath with 20 c.c. of dilute sulphuric acid, the solution filtered 
• /froea. undissolved gypsum, silica, etc., and the residue*" washed with 
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io to *20 c.c. of hot water. The iron in the filtrate and washings is 
then reduced with zinc or magnesium free from iron and titrated with 
N/ioo potassium permanganate solution (cf p. 380). 

To determine iron colorimetrically, either with potassium ferrocyanide 
or with ammonium thiocyanate, the ferrous iron must of course be first 
oxidised to the ferric condition ; this is effected by means of hydro- 
chloric acid and potassium chlorate as described above. The residue 
obtained on evaporation is dissolved in a few drops of hydrochloric 
acid, diluted with distilled water to 100 c.c., and the coloration produced 
on addition of potassium ferrocyanide or of ammonia thiocyanate 
compared with that obtained by adding progressively increasing 
quantities of ferric iron and the same volume of the reagent to 
100 c.c. of distilled water 1 (cf, p. 381). 

Whenever possible, the iron should be estimated at the source of 
supply in a freshly collected sample of the water. In this case the 
method can be simplified by omitting the oxidation and determining 
the ferrous iron colorimetrically with ammonium sulphide. 2 This method 
is therefore specially suitable for a continuous series of observations 
such as is required in testing a process for the removal of iron. 

The solution employed as a standard for comparison is prepared 
by dissolving 0-7 g. of ferrous ammonium sulphate and x c.c. of dilute 
sulphuric acid in 1 litre of sulphuretted hydrogen water ; 1 c.c. of this 
solution contains o-i mg. Fe. The solution must be kept in well- 
closed vessels, and should hot be used after it ceases to smell of 
sulphuretted hydrogen ; it is best to divide it up^ in small bottles, 
closed with sounck corks and sealed with paraffin-wax. In this 
way the solution can be kept unchanged for years; a solution which 
has spoilt by standing can be regenerated by saturation with sulphur- 
etted hydrogen. 

For the determination, 100 c.c. of the water are treated with 5 c.c. of 
sulphuretted hydrogen solution, and 1 to 2 drops of ammonia in a 
colourless glass cylinder, about 4 cm. wide and 20 cm. high. One 
hundred c.c. of distilled water are similarly treated also with 5 c.c, 
of sulphuretted hydrogey solution and 1 to 2 drops of ammonia, and 
the standard ferrous ammonium sulphate solution then added drop 
by drop, with shaking, until the depth of colour of the two liquids i$. 
approximately equal ; the comparison cannot be taken as correct at 
this stage, as the sample is coloured brown whilst the standard inclines 
to a bluish-black. To the latter, 2 to 3 drops of dilute hydrochloric acid 
are therefore added, followed, after decolorisation, by a few drops of 
aqueous ammonia, which bring back the coloration to the brown tint 
of the sample ; a further quantity of the ferrous ammonium sulphate 

- 1 Cf, Tiemann-Gartner, loc. cit p. 80. 

# 2 L. W. Winkler, Z anal, Chem ,, 1902, 41, 550. 
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solution is then added until the colorations are equal. Finally, both 
liquids are decolorised by adding a tew drops of dilute hydrochloric 
acid and the colour regenerated with ammonia, when the two colorations 
should again be equal. The amount of iron present in mg. per litre 
of the original sample is equal to the number of c.c. of the ferrous 
ammonium sulphate solution used. * 

This method only gives -accurate results if the water under examina- 
tion contains from 0*3 to 1-5 mg. of ferrous iron per litre; if the 
quantity of iron is less than 0-3 mg. per litre the colorimetric com- 
parison is made in higher and rather wider cylinders with 500 c.c. of 
the water, and if greater than 1*5 mg. per litre, a measured volume of 
the water, to which a few c.c. of sulphuretted hydrogen water have been 
added, and which is therefore deeply coloured, is correspondingly 
diluted for the comparison. 

To carry out this determination in the laboratory the iron is kept 
in the ferrous condition by acidifying the water in the collecting vessel 
with a few drops of hydrochloric acid and adding 10 c.c. of 10 per 
cent, sulphuretted hydrogen water ; no oxidation to ferric iron occurs 
so long as the water smells of sulphuretted hydrogen. In this case 
the colorimetric comparison is of course carried out with no c.c. instead 
of with 100 c.c. of water. If the sample also contains lead it is treated 
as above with hydrochloric acid and sulphuretted hydrogen solution, 
allowed to stand overnight, the water then decanted from the pre- 
cipitated lead sulphide and sulphur, and estimated as above. 

Should it be necessary to determine how much iron is present in 
solution and in suspension respectively, the water is^treated with 50 c.c. 
of sulphuretted hydrogen solution per litre, without addition of acid, and 
filtered ; the ferrous sulphide formed is at first in the colloidal condition 
and is not retained in perceptible amount by the filter paper. One 
hundred and five c.c. of the filtrate are then taken for the colorimetric 
estimation, which thus gives the dissolved iron ; this deducted from the 
total iron gives the insoluble iron by difference. 

The total iron may be determined by the above method, but in this 
case the ferric iron must first be reduced with ^sulphuretted hydrogen to 
ferrous iron. From 10 to 500 c.c. of the water? according to the amount 
*r>f iron present, are evaporated to dryness in a glass dish with a few c.c. 

: of hydrochloric acid and o-i g. of potassium chlorate. The residue is 
warmed on the water-bath for a few minutes with a few drops of* 
hydrochloric acid and about 10 c.c. of water, and about 5 c.c. of 
sulphuretted hydrogen water added to the liquid whilst still warm. 
After cooling it is filtered through a small filter, and washed with 
(distilled water until the volume of the filtrate is -100 c.c. The iron is 
then determined in the filtrate as described above. The filtrate is 
"somewhat opalescent, owing to the presence of finely divided sulphur, 
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but v this is of no consequence, as on addition of the sulphuretted 
hydrogen water and ammonia the sulphur dissolves in the ammonium 
sulphide which is formed. 

If the water *is coloured this process need not # be modified, as the 
coloured substances are destroyed by the chlorine which is generated. 

* Lead. 

Lead may be introduced into a water supply through the material of 
the mains and pipes ; although the quantities thus dissolved are small, 
they are by no means indifferent from a hygienic standpoint. The 
lead is present in the water as dissolved lead hydrogen carbonate; on 
standing in the air, or on boiling, the lead is precipitated together with 
the calcium carbonate. 

To test qualitatively for lead, ioo c.c. of the water are poured into a 
beaker, acidified with acetic acid, and treated with a few c.c. of 
sulphuretted hydrogen water; the liquid is coloured brownish-yellow 
even if the water only contains a few tenths of a mg. of lead per litre. 
The presence of iron does not interfere, as it does not react with 
hydrogen sulphide in acid solution. 

If the water contains only oi mg. or less lead per litre it must be 
concentrated by evaporation. G. Frerichs 1 has made the very important 
observation, that if water containing lead is filtered through pure cotton- 
wool the lead is completely retained and the water thus freed from lead. 
This property of cotton-wool can be utilised for the qualitative detec- 
tion and for the quantitative estimation of even the smallest quantities 
of lead in water. For the detection of very small quantities of lead the 
following method may be adopted : — 

A plug of cotton-wool weighing 0-5 to i g. is pressed into a glass 
funnel and moistened with distilled water so that it adheres to the 
funnel. About 1 litre of the water is then filtered through the cotton- 
wool. To redissolve the retained lead a mixture of 10 c.c. of distilled 
water and 1 c.c. of dilute acetic acid is heated to boiling and poured, one 
CjC. at a time, ~ on to the cotton-wooi ; the acid liquid completely removes 
the lead, so that the filtrate gives a strong reaction with sulphuretted 
hydrogen water even ifconly traces of lead are present, as the lead is 
concentrated nearly a hundredfold by this method. In order to lj£ 
certain that the reaction is not due to copper the process is repeated, 
but instead of adding sulphuretted hydrogen water to the acetic acid 
filtrate, an excess of ammonia is added. The solution is then warmed, 
filtered to remove any iron which may be present, and evaporated to 
cfryness in a very small glass dish ; the residue is dissolved in a drop of 
hydrochloric acid and a few drops of water, and tested for copper with 
potassium ferricyanide. 


1 Apoth* Zeit 1902 , 884 . 
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The quantitative estimation of lead is also based on the reacti6n with 
sulphuretted hydrogen, and is carried out colorimetrically. A lead 
solution containing 0*1 mg. lead per c.c. serves as a standard, and is 
prepared by dissolving 0*16 g. of dry powdered lead nitrate in distilled 
water and making up to i litre. Quantities of 0*5, i-o, and 1-5 c.c., or of 
1*5, 2-o, and 2*5 c.c. of this lead solution, according to the depth of colour 
observed in the qualitative^ test, are each diluted in colourless beakers 
with water free from lead up to 100 c.c., and acidified with 1 c.c. of 
acetic acid. One hundred c.c. of the sample are poured into a similar 
beaker, also acidified with 1 c.c. of acetic acid and 10 c.c. of sulphuretted 
hydrogen water then added to the contents of each beaker, and the 
colorations compared. If only traces of lead are present it is concen- 
trated by Frerichs’ method as described above. To secure accuracy one 
litre of the water is filtered several times successively through the 
cotton-wool. After dissolving the lead in hot water containing acetic 
acid, washing is continued with water free from lead until the volume of 
the liquid amounts to 100 c.c. The colorimetric determination is then 
carried out with this tenfold concentrated solution. 

If the water is coloured it must be decolorised previous to the 
determination of lead. One hundred c.c. are acidified with a few drops 
of hydrochloric acid, a few c.c. of chlorine water added, and the liquid 
boiled in a conical flask until the excess of chlorine is expelled ; 
ammonia is then added to the cold solution until it is just alkaline, the 
whole diluted to 100 c.c., 1 c.c. of dilute acetic acid added, and the 

colorimetric determination carried out as above. 

# * 

The Determination of Dissolved Gases. 

Almost every natural water contains free carbon dioxide and air in 
solution. Ground water sometimes also contains small amounts of 
hydrogen sulphide. Methane only occurs in ordinary natural waters 
exceptionally and in small quantity; on the other hand, many 
artesian waters are supersaturated with methane, so that the gas issues 
with the water. * * 

The gases in natural waters can only be correctly determined if the 
sample is collected directly in the vessel in whi^h the estimation is to be 
jpade, and if care is taken that the water which first enters the collecting 
bottle, and has therefore been in contact with air, is completely removed. 
In the case of water from supply pipes, this is effected by passing the 
water into the bottle for some minutes through a narrow glass tube 
reaching to the bottom. To examine the water from a well provided 
with a pump, water is first pumped for ten minutes ; the outlet pipe '"is 
v then closed with a rubber stopper provided with a .glass tube which 
> Slso passes to the bottom of the collecting bottle. Water is then 
purqped through for at least five more minutes, so that S satisfactory 
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sampJe is obtained. In the case of running water the collecting bottle, 
provided with a rather wide, bent tube, is fastened to a pole and 
lowered into the water to the required depth (Fig. 1 86); a quarter of 
an hour should he allowed for the original content^ of the bottle to be 
thoroughly renewed. The bottle is then lifted to the surface after the 
removal of the glass tube. To collect a sample of standing water, the 
bottle, which is fastened to a pole, is provided with a thin lead or 
ebonite tube to which a sh^rt glass tube is attached, and lowered to the 
.necessary depth. The tube is then connected with a small hand-pump, 
and about ten times as much water as the capacity of the bottle pumped 
through. The most reliable plan is to fix a spring cap to the neck of 
the bottle, so that it is closed automatically after the removal of the 
tube. If possible, the gaseous contents should be determined at once ; 
if this cannot be done, glass-stoppered bottles are used for collecting 
the sample. Care must be taken that no air-bubbles remain on closing 
the bottle; the stopper is covered with a 
piece of thin sheet rubber for transport. 1 

Glass bottles provided with glass stoppers 
and overlapping glass caps, both well ground, 
are also very suitable as collecting vessels. 2 
After the bottle has been filled in the 
manner described above, the glass cap is 
also filled with the water and then placed in 
position. 

A full account of the chief methods in 
use for sampling driver waters is given by 
Schumacher. 3 

The determination of free carbon dioxide 
has already been described (p. 762) ; the 
following methods serve for the determination of the other dissolved 
gases, more particularly nitrogen, oxygen, methane, and hydrogen 
sulphide. 

Nitrogen, Oxygen, Methane. 

The determination fe£dissolved oxygen and of atmospheric nitrogen 
(/.<?., nitrogen derived from air, containing argon, etc.) in natural 
waters is easily carried out by expelling the dissolved gases by carbon 
dioxide and collecting them over sodium hydroxide solution. 4 The 
amount of dissolved oxygen is most accurately determined iodometri- 
cally (p. 782). In gaseous mixtures expelled from water it is most 

* x C/, b, W. Winkler, Z . anal Ckem 1901, 40, 552. 

2 Farnsteiner-Buttenberg-Korn, Leitfaden fur die chemische Untersuchung von Abwassern , 

P- 34- * 

3 Gesundheits Ingenieur , 1904, Nos. 26, 27, and 28. Published by R. Oldenbourg, Munich. 

4 L, W. Winkfer, Z. anal . Chem< 1901, 40, 523. 




778 


DRINKING WATER AND WATER SUPPLIES 


easily determined by absorption with alkaline pyrogallol solution. 
The oxygen and nitrogen dissolved in water are expelled by carbon 
dioxide in the following manner : — 

Ten g. of coarse-grained calcite, freed from dust by sieving, are 
placed in a 500 c.c. flask or bottle (Fig. 187)) 
the capacity of which has been determined up 
to the stopper. A little water, acidifieS with 
hydrochloric acid, is poured on to the calcite 
and poured off again, after gas has been generated 
for one to two minutes ; the object of this is 
merely to moisten the calcite evenly. The 
water«under examination is then passed through 
the flask, in a suitable manner, for a consider- 
able time, so as to ensure a satisfactory replace- 
ment of the initial contents. The flask is com- 
pletely filled with the sample, and 20 c.c. of 
fuming hydrochloric acid of sp. gr. 1-18 to 1*19 
quickly added from a pipette ; the acid is 
allowed to flow into the neck of the flask, not 
on to the bottom. The evolution of gas 
does not start immediately, so that there is 
time to insert the rubber stopper, which is fitted with a thick- 
walled gas delivery tube, into the neck of the flask, and to place 
the other end of the delivery tube under the measuring tube, which is 
filled with a 20 percent, sodium hydroxide 
solution ; this tube is about 40 c.m. long 
and 1 c.m. wide. The carbon dioxide, 
which is evolved in very small bubbles, 
carries the dissolved gases into the measur- 
ing tube. The operation is completed in 
fifteen to twenty minutes. To ensure the 
absorption of the carbon dioxide, the tap of 
, the measuring tube is opened momentarily 
from time to time, and fresh sodium 
hydroxide solutiofi admitted through the 
•attached funnel. 

The measuring tube is then transferred 
from the alkali solution by means of the 
small bottle hung on a piece of wire (Fig. 

188), and placed first for a few minutes in a beaker containing distilled 
■ water, to allow the heavy liquid to diffuse out as far as possible, and 
. then in a glass cylinder, provided with a thermometer and cardboard 
cover (Fig. 189); water is poured into the cylinder, so that it stands 
2 mm. higher than the column of liquid in the measuring tube, 




Pig. 187 . 
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and the volume of gas, temperature, and pressure read, after allowing 
to stand for about twenty minutes. 

The oxygen is determined in the mixture of oxygen and nitrogen 
thus obtained by the ordinary methods of gas anal^is 1 2 {cf p. 209). 

The volume of air contained in the fuming hydrochloric acid used 
and the volume occupied by the calcite may be neglected in ordinary 
determinations. In the case of more exact measurements they must, 
however, be allowed for : — tio g. of calcite occupy a volume of 3*6 c.c.; 
from 1 litre of 38 per cent, hydrochloric acid, saturated with air at the 
ordinary temperature, 9-58 c.c. of nitrogen and 4-17 c.c. of oxygen 
were obtained on boiling, so that the correction to be deducted for 
20 c.c. of hydrochloric acid is 0-192 c.c. .of nitrogen and 0-083 c - c * °f 
oxygen. 

If the water contains considerable quantities of methane, the 
residual gas, after absorption of the oxygen, is inflammable. Small 
quantities of methane can only be detected by quantitative methods. 
For its estimation the gas from a separate 500 c.c. of the water is 
expelled with carbon dioxide as above, and collected in a small gas- 
holder filled with mercury containing 25 c.c. of 50 per cent, sodium 
hydroxide solution, to absorb the carbon dioxide. The gas thus 
obtained is then analysed by the usual methods {cf p, 213). 

Adeney's Apparatus for the Extraction and Analysis of the Gases 
dissolved in Water ? This is a very useful and applicable form of 
apparatus ; it has been employed in a number of important researches 
made in connection with the work of the Royal Commission on Sewage 
Disposal. • 

The apparatus consists of a gas burette enclosed in a glass cylinder, 
a pressure tube, a laboratory vessel, and a laboratory flask with an 
intermediate condenser. The way in which these parts are fitted 
together and supported is shown in Fig. 190. 

The upper end of the burette is closed by a Friedrich’s two-way 
stopcock, by means of which communication can be opened or closed 
between it and the laboratory vessel, or laboratory flask, through the 
two branch tubes which l^ad from the upper side of the stopcock. The 
branch to the laboratory vessel is a capillary tube, tha^; to the flask is 
of 2 or 3 mm. bore. The lower portion of the burette is contracted and- 
passes through a hole cut in the centre of a rubber bung, which closes 
the lower end of the glass cylinder surrounding the burette. It is then 
bent at right angles and connected by rubber tubing with the similarly 
bent end of the pressure tube. The upper contracted portion of the 
burette is about 225 mm. long, and has a capacity of 15 c.c. ; the wider 

1 Cf. L. W. Winkler, Z \ anal . Chem 1901, 40, 529. * 

2 Trans . Royal Dublin Society , New Series, 1895, Vol. V., Part XI. The editor is indebted 

to Dr Adeney for this description of his apparatus. * 
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portion is about 410 mm. long, with a capacity of a little more than 
250 c c ■ both portions are graduated, the former in one-tenth c.c., and 
the latter at intervals of 25 c.c. The pressure tube has a working 
length of 1000 mm. above the level of the lowest division of the burette. 
Its upper end is also closed by a Friedrich's stopcock. The supply of 
mercury to the burette and to the pressure tube is regulated by mean, 
of a reservoir, which can be. moved vertically up and down at the back 
of the apparatus by a catgut line passing ovpr the necessary pulleys to 



^ windlass in front of the apparatus, as shown. The flexible tube from 
’ the reservoir is attached to a side branch fused to the lower portion of 
the pressure tube. The height of the mercury in the pressure tube is 
read by means of a millimetre scale etched on the unsilvered surface o 
: a narrow slip of looking-glass, fixed at the back of, and close to, the 
pressure tube, at an angle so as to reflect the image of the tube through 
the portion of the glass bearing the scale. 

- ^ The laboratory vessel differs in principle and shape from that used 
in Frankland’s and Macleod’s apparatus. Its shape is ^hown m the 
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figure; the lower contracted portion is 25 mm. in diameter, and 55 mm. 
long ; it is furnished with a branch tube for connecting the vessel with 
a separate reservoir, which can be drawn up and down by a catgut line 
and a second windlass in a similar manner to that /connected with the 
pressure tube. The middle portion is 160 mm. long, and the upper 
end has a funnel shape; it is 55 mm. long, and the diameter increases 
from 3 or 4 mm. to 20 mm. at the mouth'- Two platinum wires are 
sealed in the sides of the vessel, for explosions. The funnel shape of 
the upper portion of the laboratory vessel enables it to be easily 
connected with, or disconnected from, the branch tube of the burette. 
The end of this tube is fitted with a rubber collar, and when the vessel 
is placed in position, the collar fits into the funnel and tightly closes it. 
The laboratory vessel is at the same time supported by a horseshoe- 
shaped shelf, as shown. If the space above the rubber collar be filled 
with mercury, a perfectly air-tight joint is obtained, and a vacuum can 
be maintained in the vessel, or explosions may be made in it without 
fear of loss. To disconnect the laboratory vessel, its lower end is drawn 
forward sufficiently to clear the shelf, and it is then lowered to detach 
it from the branch tube. By reversing these movements the laboratory 
vessel may again be placed in position. The lower end of the vessel 
is closed by a rubber cork, and in order to provide the means of 
introducing gaseous or liquid reagents into the vessel, a glass capillary 
tube about 100 mm. long is fitted through the cork; the outer end of 
this tube is closed by a piece of capillary rubber tubing and a small 
screw clamp. 3 ^ 

The method of forking the apparatus is as follows : — The burette, 
pressure tube, and laboratory vessel are filled with mercury. The 
laboratory flask, which has a capacity of about 1600 c.c., is fitted to the 
end of the condenser as shown in the figure, 50 c.c. of distilled water 
and generally a little sulphuric acid having been previously put into 
the flask. The water in the flask is then boiled, the air and steam 
escaping through the side tube in the neck of the flask. The boiling is 
continued for a few minutes, the burner then removed, and at the same 
time the side tube closed by a piece of rubber tubing and glass rod. 
The air still remaining iit the flask is exhausted by Working the burette 
and its reservoir as a Topler pump. As air is drawn from the laboratory^ 
flask into the burette at each stroke of the reservoir, it is allowed to' 
escape to the laboratory vessel. After the flask has been completely 
exhausted the vessel is disconnected from the branch tube, and a known 
volume of the water to be examined is drawn into the burette and then 
allowed to flow into the flask; the laboratory vessel is then replaced 
in position and re-connected with the branch tube. The water is boiled 
and the gases drawn into the burette and thence into the laboratory 
vessel for storage. After the gases have been completely extracted 
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they are measured and analysed, the absorptions (and explosions if 
necessary) being carried out in the laboratory vessel. 

This apparatus has been found capable of yielding extremely 
accurate results bot^ for extracting dissolved gases and for their analysis. 
By combining the principle of the Topler pump with the burette, and 
by the employment of a closed laboratory vessel with a separate 
mercury reservoir, the difficulties of the older forms of apparatus for 
extracting and analysing dissolved gases are entirely overcome. 

L. W. Winkler's Iodometric Method 1 is specially suitable if the 
dissolved oxygen only is to be determined in water. The method is 
based on the oxidation of manganous hydroxide to manganic hydroxide 
in presence of alkali by .means of the oxygen dissolved in a 
measured quantity of the water; potassium iodide and hydrochloric 
acid are then added to the liquid, whereby the equivalent in iodine 
of the dissolved oxygen is liberated, which is titrated with sodium 
thiosulphate and calculated to oxygen. 

The following solutions are required : — 

1. Manganous chloride solution. Forty g. pure crystallised mangan- 
ous chloride, MnCl 2 4 H 2 0 , are dissolved in ioo c.c. of water. The 
manganous chloride must be free from iron, and should separate at most 
only traces of iodine from an acidified solution of potassium iodide. 

2. Sodium hydroxide solution . One part of pure sodium 
hydroxide, free from nitrite, is dissolved^ in 2 parts of water. About 
io per cent, of potassium iodide is dissolved in a portion of this 
solution for use;^ the mixture should not colour starch solution blue 
immediately after dilution and acidification with" hydrochloric acid; 
also it should not contain much carbonate. 

The estimations are carried out in thick-walled bottles of about 
250 c.c. capacity, and provided with well-ground glass stoppers; the 
exact capacity must be known. The bottle is completely filled with 
the water by simply pouring it in, if the sample is saturated with air ; 

■ if not, the water must be passed through the bottle until the initial 
contents have been fully replaced. '"The reagents are then introduced 
at once by means of 1 c.c. pipettes provided with long, narrow delivery 
tubes which arq. inserted nearly to the bottom: of the bottle. One c.c. 
„pf the alkaline potassium iodide solution is first introduced, followed by 
1 c.c. of the manganous chloride solution ; the bottle is then closed, 
taking care that no air-bubbles adhere, which are easily excluded by 
first moistening the stopper by immersion in water. The contents of 
the bottle are then thoroughly mixed by shaking and turning it upside 
down. After a few minutes the flocculent precipitate settles and the 
liquid in the upper part of the bottle becomes almost clear; if this 
tlear liquid is brownish in colour, instead of colourless, the shaking is 
1 Ber ., 1888, ?I, 2843 J 22, 1764. 
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gently repeated. If the bottle is shaken for an unnecessarily long time 
the precipitate loses its flocculent character and becomes powdery, 
and then only settles slowly. If time permits, it is best to let the 
precipitate settle completely ; in order to keep out # the air, the bottle is 
dipped, stopper downwards, into a small beaker filled with water, and 
then turned upright again with the beaker. (Fig. 191.) It is, however, 
usually sufficient to allow the bottle to stand for a few minutes. When 
the precipitate has settled go that the liquid in the upper part of the 
bottle is clear, the stopper is removed and about 5 c.c. of fuming 
hydrochloric acid added by a pipette with a long delivery tube 
previously moistened with water. The bottle is then again closed and 
the contents mixed ; the precipitate quickly dissolves and a liquid 
coloured yellow by iodine is obtained ; this is titrated with an N/ioo 
sodium thiosulphate solution in the usual manner ; each c.c. of this 
corresponds to 0*055987 c.c. oxygen at 0° 
and 760 mm. 

No correction is made in the method, 
as described, for the quantity of dissolved 
oxygen in the reagents, but as the total 
volume of the latter is approximately only 
1 per cent, of the total liquid, the error 
from this source is practically negligible. 

For standard determinations air-free re- 
agents must be used and the hydrochloric 
acid must be freed from all traces of air by 
treatment with carbon dioxide. 1 

As manganous carbonate is not oxidised 
by oxygen, a double quantity of sodium 
hydroxide solution, that is, 2 c.c., must be used in the case of waters 
containing considerable quantities of carbon dioxide. 

Dissolved oxygen can be very accurately determined in pure natural 
waters by this method. If, however, the water contains considerable 
quantities of organic matter, this may combine with some of the iodine, 
so that less oxygen is fpund than is really present. To avoid this 
source of error, 100 c.c. of distilled water and 100 c.c.- o£the water to be 
examined are each treated with 10 c.c. of Nj 100 iodine solution, and the- 
amount of iodine remaining in each liquid titrated with N/100 sodium 
thiosulphate solution after a few minutes. The difference in the 
amount of thiosulphate solution used in the two cases gives the value 
of the correction per 100 c.c. of the water. 

'The presence of nitrous acid in a water, even to the extent of o*r mg. 
per litre, interferes seriously with the reliability of the method. Nitrous 
acid liberates iodine from the acidified potassium iodide solution, but 
• 1 Cf. L. W. Winkler, Ber. y 1889, 22, 1764. * 



Fig. 191. 



784 


DRINKING WATER AND WATER SUPPLIES 


the quantity of iodine formed in this way is usually negligibly Small ; 
the serious interference with the reaction is caused by the nitric oxide 
formed from the nitrous acid, which acts as an oxygen carrier in much 
the same way as in the ordinary sulphuric acid process, causing a 
continuous absorption of oxygen from the air, during the titration. 
This source of error is easily avoided, however, by using a sodium 
hydroxide solution without the potassium iodide, for the determination of 
the oxygen ; on addition of the hydrochlori® acid, manganic chloride is 
formed, which is an energetic oxidising agent and immediately converts 
the nitrous into nitric acid. The potassium iodide is then added to the 
liquid, when it dissolves the suspended precipitate. The liberated 
iodine is then titrated with sodium thiosulphate solution. The manganic 
chloride, however, not only oxidises the nitrous acid, but also any organic 
matter present in the water; this occurs at the expense of the dis- 
solved oxygen, and must accordingly be corrected for. 

This modified process, which must always be adopted if more than 
o-i mg. of nitrous acid per litre is present, is carried out as follows : — 
The sodium hydroxide solution prepared as above, but without 
the potassium iodide, is used, and double the quantity of hydrochloric 
acid (about io c.c.) is added after the precipitate has settled ; other- 
wise the process is carried out as described above. After mixing, and 
subsequently waiting for two to three minutes, a small crystal of 
potassium iodide is added and the solution titrated. The manganic 
chloride solution required to correct for the presence of organic matter 
is prepared just Ije.fore use, by adding i c.c. of the sodium hydroxide 
solution, followed by 5 to 10 drops of the manganoust:hloride solution, to 
20 c.c. of distilled water; the mixture is allowed to stand for some 
minutes, with repeated shaking, so that plenty of manganic hydroxide 
may be formed. Sufficient fuming hydrochloric acid to dissolve the 
precipitate is then added, and the brown solution finally diluted with 
about 500 c.c. of distilled water. Two portions, each of 100 c.c., of 
this solution are then measured off (or more in special cases), to one 
of which 100 c.c. of distilled water ale added and to the other 100 c.c. 
of the water under examination ; after mixing- each portion the liquids 
are allowed to -stand for two to three minutes, a small crystal of 
•'potassium iodide added to each, and the liberated iodine titrated with 
the A 7 / 1 00 thiosulphate solution. The difference in the amounts of 
. thiosulphate solution used in the two cases gives the value of the 
■ correction for 100 c.c. of water, which is calculated to the volume of 
' water used for the estimation of the dissolved oxygen. The correction 
‘ ; may be omitted if only an approximate determination of the oxygen" is 
required. 

Rideal and Stewart, 1 in using Winkler’s iodometric method for the 
- 1 Analyst, 1901 , z6, 141 . 
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estimation of dissolved oxygen in water, recommend first oxidising 
the organic matter and nitrites present by means of an Nj io potassium 
permanganate solution and concentrated sulphuric acid. The quantity 
of permanganate solution required is first determine^! by a preliminary 
test, and any slight excess used in the actual determination destroyed 
by the addition of a solution of neutral potassium oxalate. 

Experiments by Fowler have shown that in presence of much 
oxidisable matter it is preferable to destroy the nitrites by the addition 
of urea, in acid solution. 

By means of oxygen determinations the “ rate of decay ” of the 
water may also be investigated. For this purpose, air, filtered through 
cotton-wool, is passed for fifteen minutes through x to 2 litres of the 
water to be examined, in order to saturate it with air ; it is then divided 
into calibrated bottles, which are closed with stoppers and inverted beakers 
filled with water, as described above. If the water originally contains 
much oxygen, it is unnecessary to pass air through. In one of the 
bottles the dissolved oxygen is at once determined ; the others are 
kept in a dark place at the ordinary temperature, and the dissolved 
oxygen determined after standing for successive intervals of time, such 
as after one day, a few days, a week, etc. In an impure water a 
diminution of the oxygen occurs as part of it is used up, with the help 
of micro-organisms, in oxidising the organic matter in the water. The 
greater this diminution, the greater the rate of decay of the water. 
In the case of pure, natural waters the diminution is so small that it 
can scarcely be measured ; in the case of waters containing much 
organic impurity aifti rich in bacteria it is distinctly appreciable, and 
in the case of sewage water it is considerable. 

It is an interesting fact that in some waters, after exposure to 
sunlight, an increase in the oxygen may be observed ; this is due to 
the presence of microscopic aquatic plants containing chlorophyll, 
which by their metabolism liberate oxygen from carbon dioxide. 

The results by Adeney 1 illustrate the value of the determination 
of the dissolved gases in water (see Tables I. and II., p. 786). 

The rate of decay of a water can be expressed in degrees, as the 
number of c.c. of dissolved oxygen per 100 c.c. of dissolved oxygen 
originally present, which disappear during the first twenty-four hours. .. 

For purposes of comparison, the solubility of atmospheric air and of 
oxygen and nitrogen in water at various temperatures, is given in the 
table on page 787. 

The data, which include recent determinations by L. W. Winkler, 2 
give the volumes of the gases in air, free from carbon dioxide and 
ammonia, reduced to normal temperature and pressure, which saturate 
IOOO c.c. of water at 760 mm. pressure. 

^ Loc, cit. 


Ber., 1901, 34, 1419- 
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Under the same conditions 1000 c.c. of water dissolve the following 
volumes of methane at o°, 55-3°; at 5°, 47-64 ; at io°, 41-27; at 15° 
36-28; at 20 0 , 32-33 ; at 25 0 , 29-13 ; and at 30°, 26-48 c.c. 


I.— Samples of Water from the River Liffey, just above 
the Weir at Island Bridge, Dublin. 

The dissolved gases expressed as volumes at N.T.P. per 1000 volumes of water : 
the other constituents as parts^per ioo 3 ooo. 


Description of Samples. 

Dissolved Gases. 

Nitrogen as 

Cl 2 . 

C0 2 . 

0 2 . 

n 2 . 

nh 3 . 

n 2 o 5 . 

Sample slightly turbid, yellowish-green 







tint ; traces of suspended matter . 

5878 

5*25 

14*34 

*0040 

*034 

1-26 

Do. after keeping in closed vessel 




for thirty-seven days 

Slightly turbid, brown colour; traces 

62-13 

0*88 

14*25 

■0015 

*0385 

... 

of suspended matter 

41*38 

7-49 

15*55 

*004 

*027 

1-21 

Do. after fifteen days 

Distinctly turbid, olive green tint ; small 

42 T 2 

6*54 

15*45 

! *004 

*035 

quantity of vegetable debris in 







suspension 

43-47 

5*98 

15*52 

*002 

*026 

1-26 

Do. after fifteen days 

Turbid, yellowish-green tint ; traces of 

48-61 

1*06 

15*38 

*035 

*011 

suspended matter ; collected during 
heavy rain after dry weather . 







72-64 

3*23 

14*93 

*0028 

*051 

1 -A 

Do. after eight days 

75-62 

0*44 

14*99 

*023 

*035 

1 . 4 

... 


- - II. — Samples of Well-Waters. 

The dissolved gases expressed as volumes at N.T.P. per 1000 volumes of water ; 
the other constituents as parts per 100,000. 


Description of Samples. 

Dissolved Gases. 

Nitrogen as 

Cl 2 . 

CO* 

0 2 . 

n 2 . 

NHy. 

n 2 o c . 

Sample clear and colourless}" with 
minute traces of suspended matter 
Do. after thirty-four days 

Sample slightly tqpbid, colourless, and 
free from suspended matter . 

Do. after twenty-one days 

205*10 

204*72 

113*69 

113-54 

5*64 

5*32 

4*03 

3*76 

14*83 
r 14*70 
<* 

15*69 

15*78 

: 

*002 

*000 

*016 
| *000 

*12 

*254 

*> 

3*5 

5*9 


Hydrogen Sulphide. 

Hydrogen sulphide occurs in some ground waters, but usually in 
such small amount that it is best determined colorimetrically, rafher 
than by the icdometric method proposed by Dupasquxer and Fresenius.* 

^X F «r S ’ Quantitaiiv ! AnalySiS ' 7th ed - vol. i., p. 381; also, Tiemann-Gk-rtner, 
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If Abater containing hydrogen sulphide is treated with Rochelle salt 
solution (to prevent the precipitation of calcium and magnesium 
carbonate) and aji alkaline solution of a lead salt, it is coloured more 
or less brownish, according to the amount of hydrogen sulphide present. 
By comparing the coloration with that given by a dilute sulphide 
solution of known strength, the quantity of hydrogen sulphide present 
in the water can be estimated. As a standard solution, L. W. Winkler 



recommends an ammoniacal solution of arsenic trisulphide of such, 
concentration that i c.c. corresponds to o-i c.c. of hydrogen sulphide gas 

at 0° and 760 mm. pressure. . 

For the estimation of small amounts of hydrogen sulphide in natural 

waters the following solutions are needed 

*1 Twenty-five g. of crystalline Rochelle salt, 5 g. of sodium 
hydroxide, and 1 g. of lead acetate are dissolved in 100 at of water 
2 . 0-0367 g. of pure, dry arsenic trisulphide are dissolved in a fevf 
" i Z. anal Chem., 1901, 40, 772 . - % 
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prepared as required for use. follow „._ 0 ne hundred c.c. of the 

» to be examined are poured into a colourless glass bottle of about 
KO c c capacity in which 5 c.c. of reagent No. 1 have been previous y 
placed One hundred ex. of distilled water and 5 ex. of the reagent are 
treated in a similar bottle with the ammonium thioarsemte solution, 
whkh is added from a small, narrow burette, until the colorations in the 
two bottles are equal. The number of ex. of ammonium thioarsemte 
solution used is equal «o the number of c.e. of hydrogen sulph.de eon- 

tained in a litre of the water. . A 

If a more exact determination is required, the water is passed 
through a stoppered bottle of rather more than 100 cx. capacity, at the 
source of supply, until the initial contents of the collecting bottle have 
been^ thoroughly replaced, the bottle completely filled, 5 cx. of reagent . Na 
x run into the bottom of the liquid from a long, narrow pipette, the b 
dosed"aud the contents thoroughly mixed. The hydrogen “ 

then estimated in .00 =.c. of the liquid, usmg 95 
and 5 cx. of the reagent for comparison. The hydrogen sulp 
content of the .original water is then obtamed by calculatmg the 

amount found in 100 cx. of the sample. 

This method has the advantage that the results are not affected by 
the presence of thiosulphates, which are usually contained in sulphuretted 
waters If less than 0 2 c.c. of hydrogen sulphide per litre is present 
from too to 1000 cx. of the sample are taken for the estimation, if 
more than 1-5 cx. per litre are present the coloration is too great, an 
it is then best to employ the iodometric method of Dupasquier an 

^Ifthe water containing hydrogen sulphide is coloured neither the 
colorimetric no* the iodometric method can be used. In this case the 
, hvdrogen sulphide must be expelled by means of carbon dioxide, 
generated in the liquid, and the gaseous mixture passed through bror mine 
water which oxidises the hydrogen sulphide to sulphuric acid, 
estimation is carried out as in the determination of the total carbon 
dioxide (p 763), 20 g. of coarsely granular calcite, which does not give 
off iny hydrogen sufphide on treatment with acid being used instead of 
°lSuc zinc the volume of this weight of calcite is = 7 - 2 cx A 
collecting bottle of 500 cx. capacity is used, in which it is best to place 
th * calcite before collecting the water. For the estimation, the g ass 
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vessel i (Fig. 185, p. 763) is placed in position, connected with a small 
wash-bottle containing dilute bromine water free from sulphuric acid, 
and 50 c.c. of concentrated hydrochloric acid then gradually added 
through the dropping-funnel. After the evolution of gas has ceased 
the bromine water is evaporated to a small bulk ancf the sulphuric acid 
formed determined gravimetrically. 

Microscopic Examination 

# 

The object of the microscopic examination of water is to determine 
whether direct pollution has occurred either by means of polluted feeders, 
or of insufficient earth-filtration, or by the introduction of faeces, domestic 
refuse, or similar impurities. Such water, in addition to being offensive, 
often contains pathogenic germs, and must, of course, be rejected, both 
as a drinking water and as a supply water for domestic purposes. 

The microscopic examination is carried out by observing the 
sediment with a magnification of from 50 to 500. If the water is 
perceptibly turbid it is allowed to settle in the collecting bottle for 
twenty-four hours. A little of the sediment is then removed by closing 
the upper end of a glass tube with the finger, immersing it quickly to 
the bottom of the bottle, and opening it so that a little of the sediment 
enters ; the tube is then closed again with the finger, carefully removed 
from the bottle, and a small drop of the contents placed on the object 
glass and covered with a cover-glass. If the water is not noticeably 
turbid it is first allowed to settle in the collecting bottle, the larger 
part carefully decanted off, and the remainder poured into a conical 
test-glass; after standing overnight, a sample of the' deposit is taken 
from the bottom of the glass as described. 

The sediment from an unpolluted water consists mainly of mineral 
fragments. Green algae and infusoria also often occur. The impurities 
for which the water must be more especially examined are meat- 
particles which have passed through the intestines and been coloured 
yellow by gall, the eggs of parasites of the human or animal intestine, 
domestic refuse such as starch grains, wool-, hemp-, or cotton-fibres 
bits of paper, etc. ^ 

Further details concerning the microscopic examinations of water 
will be found in the following more special works : — 

Tiemann-Gartner, Untersuchung und Beurteilung der Wasser; C. 
Mez, Mikroscopische W asser- Analyse ; J. C. Thresh, The Examination 
of Water and Water Supplies ; and G. C. Whipple, The Microscopy of 

Drinking Water . 

© 

Bacteriological Examination 

The purpose of the bacteriological examination is to determine tfee 
number of living bacteria and bacterial spores present in the water, 
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and also to test for the presence of pathogenic bacteria such as cholera, 
typhus, etc. The recognition of specific bateria involves a full bacterio- 
logical examination, but the number of bacteria can be counted with 
comparative ease, apd in a chemical laboratory. 

The number of spores capable of development can be determined 
by inoculating lukewarm and therefore liquid gelatine solution, so- 
called “ nutrient gelatine” with a measured sample of the water. The 
nutrient gelatine sets on cooling, and so fees the bacteria ; both the 
bacteria and their spores multiply quickly in the gelatine, and, as 
they cannot disseminate, they form colonies which become visible to the 
naked eye in the course of a few days. By counting the . number of 
colonies, the number of germs in the sample, capable of development, is 
determined. 

The sample for the bacteriological examination should be taken 
with special care and be collected in a small, glass-stoppered bottle. 
The bottle is first sterilised by prolonged heating in an air-bath at 
1 50°, only opened just before collecting the sample, and closed immedi- 
ately afterwards. If the sample is collected from the main the water 
must first be allowed to run for some time; similarly, in the case 
of a well provided with a pump, the water should be pumped through 
for about ten minutes. Samples of spring water or of surface water 
are taken with a bottle fastened to a wire, which is filled by simple 
immersion. It is most important to remember that the bacterial 
contents of a water may increase considerably on standing for even 
less than a day, and any delay should therefore be avoided in making 
the examination. The original bacterial contents erf the water may be 
preserved for from one to two days by enclosing the bottle in a 
suitable tin and packing it in ice. 

A single bacteriological examination is seldom sufficient for any 
definite view to be formed as to the character of a water supply ; a 
series of tests are really necessary, which should be made at suit- 
able intervals, such as in summer and winter, before and after a rainy 
period, at high and low water, etc. ~ 

The preparation of nutrient gelatine suitable for the culture of 
water-bacteria, ancHts sterilisation, and the method of counting bacteria, 
^Stc., are described below, as they are operations which can be carried 
out in any chemical laboratory, without any special bacteriological 
equipment. 

Preparation of Nutrient Gelatine. — Twenty g. (22 g. in summer) 
of finest, dry gelatine, cut Into small pieces, are placed in a flask, 
200 cc. of distilled water added, and the whole warmed on the water- 
bath, with thorough shaking, until complete solution takes place. This 
: gelatine solution is then clarified by the addition of 10 cx. of a 
solution of fresh white of egg mixed with an equal volurfie of distilled 
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water. * The liquid is then warmed on the water-bath until the albumin 
has coagulated in flakes, the solution poured through a large, pleated 
filter paper, and the filtrate, which is at first turbid, poured back on 
to the filter until it comes through clear ; the whole is then placed in 
a drying-oven at about 40°. The filtration takes about two hours. 
The filtrate, which is somewhat acid, is treated with sodium hydroxide 
solution till sensitive blue litmus paper is just reddened ; if too much 
alkali is added the solution Jpecomes turbid after a short time. 

Nutrient gelatine prepared in this way is quite suitable for the 
examination of water when it is only necessary to decide whether the 
sample is poor or rich in bacteria. It has been shown by parallel 
experiments that the addition of meat-extract, peptone, and salt, etc., 
for this purpose, is quite unnecessary. 

When finished, about 10 c.c. of the nutrient gelatine is poured, whilst 
still warm, into each of a number of test-tubes, care being taken in 
introducing the nutrient gelatine that the upper part of the test-tube 
remains clean; the most convenient and cleanest method is to use a 
stopcock burette for this purpose. The test-tubes are then carefully 
closed with cotton-wool and placed in a suitable beaker, to which a 
wire handle is attached, for sterilisation ; the beaker is lowered into a 
wider one, on the bottom of which a layer of straw and water, to a depth 
of a few inches, are placed. A dome-shaped cover is then placed over the 
larger beaker and the whole heated ; the water is boiled vigorously for 
fifteen minutes from the time !he steam begins to escape. The object of 
the sterilisation is to kill any bacteria, either contained in the gelatine 
or adhering to the* cotton-wool or to the sides of the test-tubes. As, 
however, a single sterilisation at ioo° does not infallibly destroy the 
spores of micro-organisms, the sterilisation is repeated on each of the 
two following days. The test-tubes containing the sterile gelatine are 
kept in a tin in a cool place; they will remain unchanged for months, 
as the cotton-wool plug prevents the entry of bacteria from the 
atmosphere. If the sterilisation has not been carried out with sufficient 
ca^e colonies of bacteria may develop ; such tubes must, of course, be 
discarded. # 

Counting the Bacteria. — The bacteria are grown in so-called 
“ Petri-dishes,” which are made of glass. The clean, covered dishes * 
are first sterilised by heating to 1 50° to 160 0 for one hour in an air-bath, 
by which means adherent bacteria and spores are destroyed ; after 
cooling they remain sterilised inside as long as they are kept covered. 
If special dishes are not available, ordinary crystallising dishes of about 
icf cm. diameter, or conical Erlenmeyer flasks (Cramer) may be sub- 
stituted, somewhat large crystallising dishes being used as a cover in 
the former case. m 

To take the sample of water to be examined, a glass tube, 1^ to 
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20 cm. long and of about 5 mm. diameter, is drawn out at the end to a 
thin point so as to form a pipette ; the thin end of the pipette is bent at 
an obtuse angle, the extreme end sealed in a flame before sterilising, 
and the wide end closed with a plug of cotton-wool. The pipette is 
then sterilised in the same way as the dishes. 

The bacteriological examination should always be made either on 
the spot, or with the freshly collected sample. To take the sample, the 
point of the pipette is broken off, passed several times through a flame, 
to destroy any adhering bacteria, and then dipped into the sample; 
when I to 2 c.c. of the water have entered, the pipette is withdrawn and 
the water introduced into the sterilised culture-dishes ; one drop is 
placed in the first dish, five m in the second, and ten in the third, the 
dishes being half-opened for this purpose, and then closed again at 
once. 

The water is then mixed with the sterilised gelatine. The gelatine 
is first liquefied by placing the test-tubes in water warmed to 40°, the 
melting point of the 10 per cent, nutrient gelatine being 32 0 ; after it 
is completely melted the cotton-wool plug is removed, the open end 
of the test-tube held for a moment in the flame to destroy any adhering 
bacteria, and the gelatine poured into the dish ; care must, of course, 
be taken that the dishes are only opened for a very short time, to avoid 
the admission of bacteria from the air. The gelatine and water are 
then carefully mixed by moving the covered dish round in such a way 
that the liquid on the bottom acquires a circular motion. The number 
of drops of water added to each dish is noted on the lid and the dishes 
then placed on a "horizontal plate, when the contents soon gelatinise. 
The volume of a drop delivered by the pipette is determined by count- 
ing the number of drops in 1 c.c. ; if, for instance, there are forty drops 
per c.c., the volume of each drop is 0-025 c.c., and therefore the first 
dish contains 0*025 c.c., the second 0*125 c.c., and the third 0*250 c.c. 
of the water. After the contents of the dishes have set, they are kept at 
the ordinary temperature ; they must not be exposed to direct sunlight. 

After twenty-four to forty-eight hours little spots can usually -be 
seen in the crystal-clear layer of gelatine^ these are the bacteria 
jcolonies. If possible, one to two days are allowed to elapse so that the 
colonies may develop, before they are counted. If too long a time is 
flowed, the gelatine usually liquefies, or the colonies of mould fungi 
grow so rapidly that they cover the others. The dish, the contents of 
which appear the most suitable, is selected for counting the colonies. 
If the colonies are sparsely scattered in the dish they are all counted; 
Tor this purpose the dishes are inverted. In order to avoid error in 
' counting, the positions of colonies already counted are marked in ink 
Cn the outside of the glass. If the colonies are closer together, the 
. Ijottom of the dish is divided radially into fields with p£n and ink or 
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with & glass-pencil, and the colonies counted separately in each field. 
If very many colonies have formed in the culture, they must not be 
allowed to gro^ large, but must be counted comparatively soon, with 
the help either of a simple lens or a so-called “ thread-counter/’ which 
has an opening of i sq. cm. in the lower plate. The dish is inverted 
over a # piece of black paper, and the number of colonies in I sq. cm. of 
several parts of the bottom of the dish ^counted ; the total number 
of colonies is then computed from the mean of the number found in 
the sections examined. Thus, suppose that in the third dish, which 
contained ten drops = 0-25 c.c. of the water, sixteen colonies, on the 
average, had developed per sq. cm., and that the diameter of the dish 
was 10 cm., the area of the bottom, 7rr 2 , = 78 sq. cm., and the total 
number of colonies = 16x78= 1248 ; therefore 1 c.c. of the water 
contains 4X 1248, or approximately 5000 bacteria and spores. 

As a check on the determination, it is advisable to conduct a parallel 
experiment with the nutrient gelatine by itself ; if the examination has 
been properly carried out, either no colonies at all or only very few 
should develop in this dish; should any form, the number must of 
course be proportionately deducted from those formed from the 
water. 

For further details on the bacteriological examination of water, the 
following works may be consulted : — Tiemann-Gartner, Untersuchung 
und Beurteilung der Wcisser ; P. F. and G. C. Frankland, Micro - 
Organisms in Water ; W. H. Horrocks 5 Introductio 7 i to the Bacteriological 
Examination of Water ; J. C. Thresh, The Examination of Waters and 
Water Supplies . • 

Interpretation of Results 

Rain water is seldom used as a drinking water, both on account of 
its insipid taste and of its liability to contamination ; when used, in 
default of a better source of supply, the surface from which it is collected 
and the store-tanks or cisterns should be kept as clean as possible. 

** Drinking water is usually ground water ; spring water is the best 
drinking water, and a puje well supply is also. good. Both spring water 
and well-water can be &sgarded as satisfactory from a hygienic stand- 
point, provided the spring is properly lined and covered, and the well is, 
of the necessary depth, and further, provided that the adjoining soil is 
freb from pollution, and that impurities cannot be extraneously intro- 
duced either by falling in or by flowing in, or contamination occur 
through inefficient earth-filtration from closets, cesspools, sewers, dung- 
Maps, stables, etc., in the vicinity. A well in a densely populated 
district will, however, seldom comply with these conditions. The water 
of artesian wells is very good drinking water if drawn from a sufficient 
depth and frUm a good substratum ; it should then be clear, colourless 
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quantities of these substances (i mg. or more per litre) indicate .polli 
tion with decaying nitrogenous matter, and therefore point to possib] 
infection. The water of many artesian wells, however, may contai 
considerable quantities of ammonia and yet be quite admissible as 
drinking water or for domestic use, as in this case the presence c 
ammonia does not necessarily indicate pollution. From I to 5 mg. pe 
litre of ammonia and traces of nitrous acid are normally present i 
rain water. • 

In judging a water in which traces of ammonia are found, every car 
must be taken to guard against contamination of the apparatus and c 
the liquids used in analysis, which may easily occur through th 
exceptional frequency of traces of this gas in the air of laboratories. 

10. Pure spring and well-water contains extremely small quantitie 
of organic matter. The oxygen-absorbing power (p. 742) of pur 
spring water usually amounts to scarcely 1 c.c. of Njioo permanganat 
solution, and that of pure well-water to 1 to 2 c.c, per litre; th 
absorption of several c.c. of permanganate solution, and a considerabl 
rate of decay (p. 785) are unfavourable indications. In the latter case 
however, a water can only be rightly excluded for drinking or domesti 
use if nitrogenous organic matter is also present, as shown by th 
determination of the albuminoid or proteid ammonia. 

11. The determinations of albuminoid and of proteid ammonia ar 
to be regarded as the most important chemical methods of examinatior 
Ammonia and nitrous acid are not only present in rain water, but ma; 
also be formed by* the reducing action of micro-organisms on nitrates 
if, however, more than traces of albuminoid or of proteid ammonia an 
found, decaying or unchanged, nitrogenous organic matter is certainh 
present, and is almost sure to be of animal origin. The determina 
tion of albuminoid ammonia is somewhat lengthy, and only give 
reliable results if carried out with the most scrupulous care. Th< 
determination of proteid ammonia, on the other hand, is reliable ap< 
easy, and should therefore always be included in the analysis o 
drinking water. With regard to this newer method of investigation th< 
following conclusions may be accepted provisionally : 1 — 

i. Pure natural water contains no proteid acimonia. 

ii. The amount of proteid ammonia may be considered as an indes 
of the amount of nitrogenous organic matter present 

iii. If the proteid ammonia present amounts to more than 0*1 mg 
‘per litre the water is open to criticism from a hygienic standpoint; 02 

mg. per litre may be considered as the maximum allowable quantity. 

The same conclusions may be applied to the albuminoid ammonici. 

If the reducing power is considerable, in absence of albuminoid oj 
; ; dl proteid ammonia, this indicates that either organic matter of vegetable 
1 Cf. L» W. Winkler, Z. anrL Chem ., 1902, 41, 299. • 
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origirUonly is present, or that the decay of organic matter of animal 
origin has reached its limit : that is to say, that the water has undergone 
a certain self-purification. 

12. Phosphoric acid is only present in pure, natural waters, at most, 
in traces. The excrements of men and of animals keing comparatively 
rich ip, phosphoric acid, the presence of more than traces indicates 
pollution by excreta. 

13. Soft, natural waters? which at the same time contain free carbon 
dioxide and oxygen in solution, take up lead when passed through lead 
pipes. If lead, even in extremely minute traces, is introduced into the 
animal organism during a prolonged period, its action is highly 
injurious; waters containing lead are therefore to be considered directly 
injurious to health, and should not be allowed for purposes of consump- 
tion. As, however, hard water poor in carbon dioxide and oxygen may 
also dissolve traces of lead under certain circumstances, and as, on the 
other hand, lead pipes are still largely used for the narrower service 
pipes on account of their cheapness and convenience, it is often 
unavoidable to pass traces of lead. The presence of some tenths of an 
mg. of lead per litre is of serious importance, and water containing 1 mg. 
of lead or more per litre must be described as poisonous. 1 

14. If, in the bacteriological examination, not more than 100 colonies 
of bacteria develop per c.c. the water contains few bacteria ; such water 
is, however, seldom supplied, # except from well-lined springs and very 
good filter-beds The bacterial content of well-waters varies extremely 
widely ; the number of germs capable of development per c.c. may be 
less than 100, or* many thousands; surface waters from inhabited 
districts are especially rich in bacteria. 

For drinking and domestic purposes, waters comparatively rich in 
bacteria are to be avoided as far as possible, and those distinctly rich 
in bacteria must be excluded. If pathogenic bacteria are present, the 
water must always be condemned as extremely dangerous, both for 
drinking and domestic purposes. 

• Lunge has pointed out that t?he absolute number of bacteria in 
water varies so much that serious mistakes may be committed if 
the water is judged on this basis without taking ali the other circum- 
stances into consideration. The value of counting the bacteria is chiefly** 
as a control of the efficiency of purifying plant, such as filter-beds, etc. 
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FEED WATER FOR BOILERS AND WATER 
FOR OTHER TECHNICAL PURPOSES 


By Professor G. Lunge. 

The examination of feed water for boilers and of water for other 
technical purposes is considerably simpler than that of drinking 
water. It is only in exceptional cases that a water supply for technical 
use contains such large quantities of chlorides, nitrates, and organic 
matter as to necessitate a quantitative estimation ; should this be 
required, however, the methods described above (pp. 750 and 751) may 
be used. 

In most cases the chief constituents of importance are the alkaline 
earths, and especially the bicarbonates and sulphates of calcium and 
magnesium. These compounds constitute the “ hardness ” of the 
water, which is expressed in units of CaO or CaC 0 3 per 100,000 parts 
of water, the magnesium salts being calculated into equivalents of CaO. 
An English degr^ of hardness is equivalent to 1 grain of calcium 
carbonate per imperial gallon of 70,000 grains, or 1-43 parts per 
100,000. The value of French and German degrees of hardness is 
given on p. 739. 

“ Total hardness” denotes the total CaO and MgO calculated as 
CaO; “permanent hardness,” that which remains after boiling the 
water for some time, filtering, and diluting to the original volume with 
distilled water; the difference between total and permanent hardness 
is known as “temporary hardness.” This latter, which coincides 
essentially with the amount of CaC 0 3 and MgCO s *dqposited on boil- 
ing, and originally present as bicarbonates, which are determined by; * 
titration in a similar manner to alkalis, is therefore also known as the 
" alkalinity ” (cf. p. 737). This term is justified, as the real alkalis do 
not occur in ordinary waters either as hydroxides or as carbonates, 
but only in mineral waters or in those to which alkali has been purposely 
adfled. 

For the determination of the hardness, Clark's soap test (p. 740) 
was formerly generally employed. This test is empirical in charactS?, 
and the results, which are only approximate, are not comparable un4er 
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varying conditions ; it has accordingly been to a large extent replaced 
by more scientific methods (cf p. 740), which are both more accurate 
and simpler. * 

For ordinary purposes the following determinations are sufficient : — 

1. Alkalinity. Two hundred c.c. of the water are titrated in the 
cold with methyl orange and Nj 5 or N/10 hydrochloric acid, until the 
solution just shows a red tinge. It can be assumed, in the case of 
natural waters, that practically only calcium and magnesium bicarbonates 
have then been converted into the corresponding chlorides; the 
determination accordingly gives the temporary hardness of the water. 
The result is calculated into g. of CaC 0 3 per litre; if 200 c.c. of water 
are used, each c.c. of Nj 5 hydrochloric acid required indicates 0*0500 g. 
CaC 0 3 , or 0*0280 g. CaO per litre. This method, which is generally 
known as Hehner’s method, was described independently by Lunge in 
1885. 1 The number of c.c. of Nj 5 hydrochloric acid used in the titration, 
multiplied by 3*5, gives the hardness in English degrees; the value in 
French degrees is obtained by multiplying by 5, and that in German 
degrees by multiplying by 2*8. 

In the case of alkaline mineral waters, and also in that of a water 
supply purified by treatment with sodium carbonate, the “ alkalinity ” 
is not caused by the carbonates of the alkali earth metals, but mainly 
by sodium carbonate. In these cases the water is boiled in a porcelain 
dish for some time, in order to completely^ decompose the bicarbonates 
of the alkaline earths, the liquid then diluted to its original volume 
with distilled wate^, filtered, and the sodium carbonate determined as 
above in the filtrate. * 

Methyl orange is by far the best indicator in this case, and much to 
be preferred, especially to alizarin (p. 739), the use of which necessitates 
boiling, as with phenolphthalein, and is accordingly subject to the same 
disadvantages (cf. p. 71). Should there be any personal difficulty in 
following the colour changes, comparative solutions may be used with 
advantage. 

2. The Total Quantity of Alkaline Earths ( Calcium and Magnesium) 
is determined by precipitation with sodium carbonate solution whilst 
hot, whereby the. calcium sulphate is also converted into the carbonate. 

* An excess of sodium carbonate solution is used, and the liquid boiled 
in a porcelain dish, as glass might be slightly attacked. For very 
exact determinations, the liquid is evaporated to dryness, the residue 
heated to 180° and dissolved in hot water; the precipitate of alkaline 
earth carbonates is filtered off, washed with water as free as possible 
from carbon dioxide, dissolved in Nj 5 hydrochloric acid, and the excess 
of^acid titrated back with Nf$ sodium carbonate, with methyl orange 
as indicator. The quantity of hydrochloric acid used is equivalent 

1 Die Wasserversorgung von Zurich, 1885, p. 103. 
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to the -quantity of alkaline earths, as above, and the decompositions 
are represented by the following equations : — 

CaH 2 (C 0 3 ) 2 + Na 2 C 0 3 = CaC 0 3 + 2 NaHC 0 3 . 

CaS 0 4 + Na 2 C 0 3 = CaC 0 3 + Na 2 S 0 4 ., 

Each c.c. of Nj 5 hydrochloric acid is equivalent to 0*0056 g. CaO, 
that is 0-028 g. per litre if 200 c.c. of the wat$r are used. 

An alternative method *is to use a measured quantity of sodium 
carbonate solution and to determine the excess by titration. If, in the 
case of an ordinary water, free from sodium carbonate, the amount of 
alkalinity, determined according to 1 and expressed as CaO, is deducted 
from the total amount of alkaline earths^ determined as above, also 
expressed as CaO, the amount of CaO which is present in the water as 
sulphate is obtained ; every 28 parts of this CaO corresponds to 68 
parts of CaS 0 4 . 

The same procedure may be adopted in the presence of magnesium 
salts, but it is better in this case to use the mixture of equal parts of 
NJ 10 sodium carbonate and Nf 10 sodium hydroxide solutions recom- 
mended by Pfeifer and Wartha (p. 739). If sufficient excess of this 
reagent is used and the solution boiled for some time, the magnesium is 
precipitated as the hydroxide, which is much less soluble in water than 
the carbonate. Fifty c.c. of the mixed NJ 10 solutions are usually 
sufficient for 200 c.c. of water. The boiling should be conducted in a 
porcelain dish or in a Jena-glass vessel; ordinary Bohemian glass 
should not be used. 

3. Sulphates . I*or more exact analyses the sulphates, which may 
without error be calculated as calcium sulphate, are determined by 
precipitation with barium chloride from 200 c.c. of the water, either 
gravimetrically (p. 274) or volumetrically (p. 277). The gravimetric 
method is preferable, and is more exact than the volumetric estimation ; 
also, as the quantity of precipitated barium sulphate is small, it is almost 
as quick as the latter. 

<*4. Magnesium was formerly always determined gravimetrically, after 
previous precipitation of^the calcium as oxalate, by precipitation as 
ammonium magnesium phosphate (p. 406). In the case of more exact 
analyses this method must be adopted ; approximate determinations can^ 
be made by Pfeifer's volumetric method (p. 764). 

5. Iron may occur in water in such quantity as to interfere with its 
use for bleach-works, dye-works, paper-mills, etc. On account of the 
small amounts usually present, colorimetric methods (p. 381) are the 
mc&t suitable for its determination. 

6. Silica. According to Reichardt, 1 silica may cause the for 
of boiler-scale when present in very soft waters, but this is ce 
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very exceptional. For exact analyses the silica should be determined ; 
this is done gravimetrically according to the usual methods (p. 748). 

7. Chlorides do not cause the formation of boiler-scale, but they may 
attack the iron of the boiler-plates ; this applies especially to magnesium 
chloride. According to Ost, 1 the latter compound is the sole cause of 
this effect, but it can only occur in injurious amount in feecl waters 
in extremely few cases. ,J. Pfeifer 2 is of opinion that the soluble 
magnesium salts react, at the pressure present in the boiler, with the 
calcium salts, forming readily soluble calcium salts and difficultly 
soluble magnesium compounds. Magnesium has an injurious effect 
because its carbonate becomes basic on boiling, and the carbon dioxide 
thus liberated assists the corrosion of the iron. 

8. Acid Waters cannot of course be used for feeding boilers without 
previous treatment, preferably with lime. They occur only in mine 
waters (by weathering of sulphides) and in moorland waters. 

Special Tests to determine the amounts of Lime and of Sodium 
Carbonate necessary for the T reatment of Water : — 

1. Clear lime-water, previously titrated with Nj 5 hydrochloric acid, 
using phenolphthalein as indicator, is added to 200 c.c. of the 
water under examination until the red coloration first appears and 
remains for a short time. Lime is not only used up, in this case, 
to convert calcium bicarbonate into the normal carbonate, but 
also to neutralise free carbon dioxide, and to precipitate organic 
matter, etc. As this is equally necessary on a large scale, this test 
indicates the amoynt of lime which must be added. 

A more reliable plan is to add excess of lime-vTater, allow to stand 
for some time in absence of air, so as to exclude carbon dioxide, and 
then to titrate back the excess. 

2. The turbid liquid obtained according to 1 is filtered, the filtrate 
treated with an excess of N/$ sodium carbonate solution, again filtered, 
and the excess of alkali titrated back with Nf$ hydrochloric acid. In 
this way the quantity of sodium carbonate is found, which must be 
added to decompose the calcium r sulphate present. Pfeiffer 8 prefers 
to evaporate the water to dryness with excess of titrated sodium 
carbonate solution, heat the residue to 150° to 180° to decompose the 

** magnesium carbonate and thus render it insoluble, and to then extract 
it with water free from carbon dioxide, filter, and determine the excess 
of sodium carbonate in the filtrate. 

Vignon and Meunier * first determine the amount of lime needed to 
fix the free and half-combined carbon dioxide as follows : — Fifty c.c* of 
the water are boiled with 50 c.c. of freshly distilled alcohol, which aids 
the precipitation of the calcium carbonate, and, after cooling, ten drops of 

, 1 Chem, ZeiL , 1902 , 26 , 819 . 3 Z. angew. Chem., 1 - 902 , 15 , 193 . 

, 2 Z. angew. Chem., 1902 , 15 , 194 . 4 Comptes rend., 1899 , 128 , 683 . 
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a 5 per cent, alcoholic phenolphthalein solution are added. The liquid 
is then titrated with a solution of lime-water containing i-8 g. Ca(OH) 2 
per litre at 15°, with shaking, until a permanent red coloration is obtained. 
A parallel, blank experiment is made for comparison with distilled 
water, with addition of 1 c.c. of lime-water. 

If c.c. of lime-water are used in the titration, the quantity of CaO 
required per litre of the water is : — » 


n x 1000 1.8 <6 

= x x = n x 0.02 7 g. 

50 1000 74 


The amount of sodium carbonate necessary to convert the chlorides 
and sulphates of calcium and magnesium yito carbonates, is determined 
in a separate sample of the water by boiling 50 c.c. for five minutes in 
a nickel dish, making up to the original 50 c.c. with distilled water, 
adding 50 c.c. of alcohol, followed by phenolphthalein solution as above, 
and then titrating with a solution of sodium carbonate containing 1 g. 
Na 2 C 0 3 per litre of water, until a red coloration is produced, equal to that 
of a blank prepared with distilled water and 3 c.c. of the sodium carbonate 
solution. If 3 + ^ c.c. of the sodium carbonate solution are used, then 
0-02 n g. of sodium carbonate are required per litre of water. 

If it is desired to soften the water by treatment with sodium 
carbonate only, in the boiler, the amount necessary, as determined 
above for the decomposition of the contained chlorides and sulphates, 
must be added regularly ; in addition, sodium carbonate, equivalent to 
the CaO determined as above, must be added at the start, once for all, 
as this part of th£ sodium carbonate is regenerated, the calcium and 
magnesium bicarbonates forming sodium bicarbonate, with precipitation 
of the carbonates of calcium and magnesium ; the sodium bicarbonate 
is then further decomposed into sodium carbonate, water, and carbon 
dioxide ; this relation does not hold strictly for magnesium compounds. 

Pfeifer has drawn attention to the fact, which has been known for 
a long time but is often overlooked, that magnesium is precipitated 
from its compounds as magnesium "hydroxide by excess of lime-water, 
and can therefore be determined by titrating back the excess of lime 
in the filtrate obtained it>the estimation as above. * m 

He represents the decompositions which occur in the softening o£ * 
water by the following equations in which the behaviour of the 
magnesium compounds is taken into account : — 

1. CaH 2 (C 0 3 ) 2 + CaO = 2CaC0 3 + H 2 0 . 

2a. MgH 2 (C 0 3 ) 2 + CaO = MgC 0 3 + CaC 0 3 4 - H 2 0 . 

2 b. MgCOg + CaO = MgO + CaCOg. 

3. CaS 0 4 + Na 2 C 0 3 = CaC 0 3 + Na 2 S 0 4 . 

4 a. MgCl 2 + CaO = MgO + CaCl 2 . 

\h CaCl 2 + Na 2 C 0 3 - CaC 0 3 + 2NaCl. 
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One molecular proportion of CaO must accordingly be allowed for 1 
each molecular proportion of either bicarbonate, and a second molecular 
proportion for each equivalent of MgO present in combination; an 
additional quantity is also required for the free carbon dioxide con- 
tained in the water.' Further, one molecular proportion of Na 2 C 0 3 is 
required for each molecular proportion of the compounds which cause 
permanent hardness. This corresponds to an addition of 8 mg. of 
CaO per litre of the water for each degree ©f temporary hardness, and 
of 56 mg. of CaO for every 40 mg. of combined MgO present, i.e. 

1.4 mg. CaO per 1 mg. MgO; also x 8 = 15-1 mg. of Na 2 C 0 3 must 

be added, per litre, for every degree of permanent hardness. 

The alkalinity or temporary hardness of a water and the total 
hardness can be determined by Wartha’s form of Pfeifer’s method 
(cf. p. 739). By subtracting the temporary hardness, the permanent 
hardness is obtained. If the total hardness is less than the alkalinity, 
the water contains sodium carbonate, and the addition of lime alone 
is necessary for purification. 

Pfeifer regards the definition of permanent hardness, as the hardness 
of water after boiling for a long time, as altogether wrong ; this should 
be called the “apparent” permanent hardness, as the solubility of 
magnesium carbonate varies with the temperature, and considerable 
differences are found according to whether the liquid is filtered hot or 
cold. The term permanent hardness should be restricted to that due 
to compounds othqr than the alkali earth carbonates. 

To determine the magnesium, 100 c.c. of the water are titrated whilst 
boiling, with N\ 10 acid, as in the determination of hardness, the carbon- 
dioxide-free liquid rinsed with boiled distilled water into a 200 c.c. flask, 
treated with a measured excess of lime-water (25 to 50 c.c., according to 
the total hardness), diluted to 5 c.c. above the mark, well shaken, cooled 
for a few minutes, poured through a large pleated filter paper, and the 
excess of lime-water titrated back in 100 c.c. of the filtrate. One c.c. of 
N\io lime-water corresponds to 2"-o mg. MgO. The strength of «the 
lime-water used is determined by a blank experiment carried out in 
parallel with the estimation. + 

<- All the above determinations can be carried out in one experiment 
by using, for the estimation of the hardness, a mixed solution of sodium 
hydroxide and carbonate in which the relative amounts of the two 
substances have been determined by titration with successive additions 
of phenolphthalein and methyl orange ( cf. p. 73). After the precipita- 
tion of the carbonates of calcium and magnesium, the proportions of 
sodium hydroxide and carbonate are again determined in the filtrate. 
To carry out this method, the water is titrated whilst boiling with N\ 10 
' agd, rinsed into a measuring-flask, the sodium hydroxide-carbonate 
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solution added, and the whole diluted to 205 c.c. ; the liquid is then 
allowed to cool, when the volume contracts to 200 c.c., filtered, and 100 
c.c. of the filtratg titrated back as above, first with phenolphthalein and 
then with methyl orange. The first titration gives the temporary 
hardness ; the total alkali used up, the total hatdness ; the sodium 
hydroxide used up, the magnesium ; and the sodium carbonate used up, 
the calcium. This process, however, only gives approximate results, as 
the change of colour of tl}£ phenolphthalein is too gradual ; the end- 
point of the reaction is in fact only accurate at a temperature approach- 
ing o° and in presence of a large excess of sodium chloride (cf p. 73). 

Grittner 1 and Procter 2 have obtained good results by the Pfeifer- 
Wartha method. Blacher 3 has criticised it in various respects, especi- 
ally in connection with the precipitation of the calcium and magnesium, 
which he regards as incomplete owing to the dilution to double the 
volume of the previously dilute solution. Also, he gives preference to the 
method for the determination of alkalinity described above (p. 800), and 
to the barium chloride method for the simultaneous estimation of 
sodium hydroxide and carbonate (p. 72). He accordingly adopts the 
following method of procedure : — One hundred c.c. of the water are 
titrated in a conical flask with Nj 10 hydrochloric acid in the cold, 
using methyl orange as indicator ; each c.c. of the acid is equivalent to 
3*5 degrees of temporary hardness. Two hundred c.c. of the water are 
then similarly treated with the acid, a few drops in excess being added 
to avoid action on the glass! The liquid is then boiled down on a hot 
plate to 40 to 50 c.c., cooled, rinsed into a 100 c.c. flask which has a 
special mark indicating the volume of 100 c.c. of cold water at ioo°, 
neutralised exactly, again heated to boiling, and 40 c.c. of a mixture of 
equal parts of Njio sodium hydroxide solution and Nj 10 sodium 
carbonate solution added. The liquid is then boiled, diluted with 
boiling distilled water up to the mark, shaken up, poured through a 
pleated filter paper, the first 10 to 20 c.c. of the filtrate being rejected, 
into a stoppered flask, and cooled in running water. Meanwhile a 
neutral barium chloride solution is prepared by diluting 10 c.c. of a 10 per 
cent, barium chloride solution with 40 c.c. of water, neutralising whilst cold 
with Nj 10 hydrochloric acid in presence of methyl prange, and heating 
to the boil. To this liquid, 50 c.c. of the above filtrate are added, ♦ 
followed by phenolphthalein solution, and the mixture titrated with 
Njio hydrochloric acid, whilst still warm, till colourless ( = NaOH), and 
then with methyl orange and phenolphthalein till red ( = Na 2 C 0 3 ). By 
this means any contact of the liquid with the gases from the burner, 
etc., is avoided. The proportions of sodium hydroxide and carbonate 
in the original mixture are similarly determined by a parallel experi- 

1 Z, angew . Chem ., 1902, 15* 847* 2 J S° c ' Chem. hid*, I 9 ° 4 i 23 > 

• 8 Rigaer Indusirie-Zdtung , 1902, Nos. 23 and 24. 
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ment, and thus the quantity of MgO precipitated by the sodium 
hydroxide and that of the CaO precipitated by the sodium carbonate 
arrived at by difference. e 

The following combination of the methods of Pfeifer and of Blacher 
is recommended by r Lunge as convenient and simple for the determina- 
tion of the total hardness. A slight excess of hydrochloric acid is added 
to 200 c.c. of the water, the ^liquid boiled down to 40 to 50 c.c.^ rinsed 
into a 100 c.c. measuring-flask, exactly neutralised, after addition of 
methyl orange, with sodium hydroxide solution, 40 c.c. of a mixture of 
equal volumes of Njio sodium hydroxide and Njio sodium carbonate 
solutions added, heated to boiling, allowed to cool, diluted with distilled 
water up to the mark, poured through a dry, pleated filter paper, and the 
unused alkali titrated back with Njio hydrochloric acid and methyl 
orange in 50 c.c. of the filtrate. The number of c.c. of N/10 hydro- 
chloric acid used, multiplied by 2 and deducted from 40, gives the 
number of c.c. of Nj 10 alkali used for the precipitation of the alkaline 
earths in 200 c.c. of the water. If required, the magnesium salts can be 
determined separately in the filtrate by Pfeifer’s method (p. 804). 
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* SEWAGE AND EFFLUENTS 

By E. Haselhoff, Ph.D., Director of the Agricultural Experiment Station, and 

Lecturer at the University, Marburg. English translation revised by Gilbert J. 

Fowler, D.Sc., Lecturer in Bacteriological Chemistry in the Public Health 

Department of the University of Manchester, Consulting Chemist to the Man- 
chester Corporation Rivers Committee. 

Owing to the very varied character of effluents, and especially of those 
from the heavy and fine chemical industries, it is almost impossible to 
present a concise summary of the methods required for their analytical 
examination. 

Effluents may be divided into those containing mainly mineral con- 
stituents and those consisting chiefly of nitrogenous organic substances. 
The examination of the former is essentially the same as that of 
drinking water, with a special regard to such abnormal constituents as 
are due to the particular industry concerned. Effluents containing 
mainly nitrogenous organic matter necessitate quite different methods 
of examination, which will be* more specifically described in this section. 

The constituents that may occur in the different kinds of effluents 
are summarised irbthe following list ; owing to the 'g % reat variations that 
may, however, exist in the character of effluents, the list is in no way to 
be regarded as complete. 1 

I. Effluents containing mainly Mineral constituents from 

i. Coalmines : Sodium, barium, calcium, strontium, and magnesium 
chlorides, ferrous and ferric sulphates, and free sulphuric acid. 

„ u 2. Strontianite mines: Strontium, calcium, and magnesium carbonates 
or sulphates. m 

3. Salt works and b%ine springs : Sodium, calcium, strontium, and 
magnesium chlorides. 

4. Potassium chloride works , salt refineries , and bleach-works : Calcium 
and magnesium chlorides and, from bleach-works, also manganous 
chloride. 

5. Pyrites mines , pyrites dressing works, and waste-heaps at coal 
mines : Free sulphuric acid, ferrous sulphate, and sometimes zinc 
sulphate. 

1 Cf. J. Konig, Die Vevunveinigung der Gewdssev , eleven schadhche Folgen nebst M itteiW\ur 

Reinigung dev Schmutzw&sser, 2nd edition, 1899. 

807 * ^ 
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6 . Zinc blende mines , galena mines ^ and zinc blende stamping mills : 
Zinc sulphate and bicarbonate. 

7. i'FzVv? works : Free sulphuric add and ferrous and ferric sulphates, 
or free hydrochloric acid and the corresponding chlorides, according to 
the cleaning liquor \ised. 

8. Galvanising works : Free hydrochloric acid and ferrous chloride. 

9. Brass foundries and silver etching works : Free sulphuric acid and 

copper sulphate. * 

10. Pyrites residues: Iron, zinc, or copper sulphates, and free 
sulphuric acid, according to the material used. 

11. Alkali works : Calcium and sodium sulphides and polysulphides, 
calcium chloride, and calcium^ hydroxide. 

12. Slag waste-heaps : Calcium and sodium sulphides. 

13. Bleaching works : Calcium chloride and hypochlorite. 

14. Gas works and coke ovens: Calcium and ammonium sulphides 
and thiocyanates, phenols, and tarry products. 

15. Potassium ferrocyanide works: Sulphur and cyanogen com- 
pounds. 

16. Colour works and dye works: Oxides of zinc, tin, lead, copper, 
and chromium, antimony, arsenic, dyes, and mordants. 

1 7. Electroplating works : Potassium cyanide and free acids. 

IL Effluents containing mainly Nitrogenous Organic Matter. 

These include the sewage of towns, ancl the effluents from slaughter- 
houses, sugar and starch factories, breweries, distilleries, dairies, paper 
mills, wool-combing works, cloth factories, glue factories, tanneries, etc. 

In the majority of cases, in England, sewage and manufacturing 
effluents are treated together at the sewage purification works, and 
many of the analytical methods to be described are applied to the 
control of the method of purification adopted, more especially when the 
so-called “ biological ” or bacterial treatment of sewage is employed. 

In the examination of all these effluents special attention must be 
directed to the amounts of suspended and dissolved organic matter, the 
amount of oxygen needed for their oxidation, and the amount of 
nitrogen in its various forms. In the case of ^effluents from breweries 
« an d distilleries attention must also be paid to the presence of yeast cells, 
dextrin, starch and sugars; the two latter constituents must also be 
considered in effluents from starch factories. The effluents from wool- 
combing works and from cloth factories must be tested for fats, soaps, 
* an d arsenic ; effluents from tanneries for arsenic, and for sodium and 
calcium sulphides. 

The variety in the composition of effluents is evident from this 
si*ssmary. It is to be borne in mind that the composition of the 
1 efpuents from any one works is not always the same, but may vary 
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frequently even during a short period of time. It is therefore of the 
very greatest importance, for a correct examination of an effluent water, 
that the samples should be taken with care and judgment; incorrect 
sampling is more often the cause of an erroneous conclusion than the 
actual analytical examination. ’ 


9 Sampling 1 

The vessels and corks t*sed for taking the sample must of course be 
clean, and both should be thoroughly rinsed with the sample before 
filling. The sampling apparatus devised by F. C. G. Muller 2 is simple, 
convenient, and reliable, and permits of the sample being collected from 
any depth. It consists of a stirrup B (Fig. 192) soldered to a lead plate 
A, weighing 2 kilos, and suspended by means of the spiral spring E and 
the hook F, to a sounding- line. A bottle, D, of about 400 c.c. 
capacity, is fastened to the stirrup by means of the clamp 
C, and is fitted with a double-bored rubber stopper, both 
holes of which are closed by the U-shaped stopper H ; 
the latter is attached to the chain J, which passes through 
the spiral to F, and is not quite taut. 

To take a sample, the apparatus is lowered into the 
water and the line smartly jerked, when the stopper H 
will be removed, as the spiral spring elongates more 
quickly than the heavy mass # below can follow ; the water 
then enters through the small tube G placed in the one 
opening, whilst the air escapes through the other. % After 
eighty seconds, af most, the bottle is filled and can be 
taken up. 3 

Muller has also constructed a special sampling arrange- 
ment for use with the “Tenax” apparatus, Fig. 194, 
p. 827. 

From 2 to 4 litres of the water must always be collected for 
examination. 

• If a report on the water is to be made for a court of law or for an 
administrative authority, it is imperative that the samples should be 
collected by the responsible expert. • m 

The most essential point in sampling an effluent water is that th&* 
sample should really represent a good average of the effluent. It is 
therefore necessary to* determine whether the effluent flows continu- 
ously, and is of constant composition, or whether the composition alters 
during the course of a day, or whether the effluent only flows periodically 

m 

1 A full account of the various forms of sampling apparatus is given by Schumacher, 

Gesundheits-Ingenieur, 1904, pp. 418, 434, and 454 - ^ 

2 Forschungsber . a . d. biolog. Station zu Plon, 1903, 10 , 189. 

3 This apparatus is supplied by the Vereinigte Fabriken fur Laboratoriumsbedarf, Berlin 



Fig. 192. 
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and not continuously during the whole day. In the first case, when the 
effluent flows continuously and is of uniform composition, it is unim- 
portant at what hour the sample is taken. If the composition alters 
during the day, it is advisable to take samples at short intervals, of about 
ten to fifteen minutls, and to collect these together in a clean tub which 
has been previously well rinsed out with the effluent. The contents of 
the tub are then thoroughly mixed and a sample of the whole taken for 
analysis ; or samples may be taken every ten to fifteen minutes, over 
periods of about two hours, at intervals during the day, and the whole 
mixed to obtain a final sample. For exact work, these samples should 
be mixed in proportion to the rate of flow at the time each was taken. 
This must be ascertained by g continuous gauging during the period of 
sampling. 

If the effluent is discharged intermittently, the sample must be 
taken during the time that it is being run off ; if the composition varies, 
a sample is taken each time the water is run off, and a mixture made of 
the samples thus obtained in the proportion of the actual quantities of 
water which they represent. 

If the object of the examination is to test the efficiency of a method 
of purification, care must be taken that the purified water corresponds to 
the unpurified effluent. To satisfy this condition it is necessary to find 
out how long the effluent takes to flow through the purifying plant, and 
this time must be allowed to elapse betweep the collection of the samples 
of unpurified and purified water ; the two samples must, of course, be 
collected in exactly the same manner. 

When an effluent flows into a river, the question That has usually to 
be considered is whether the effluent has imparted such properties to 
the river water as are likely to be injurious to any of its specific uses. 
The mere detection of harmful constituents in the water is insufficient. 
Samples must be collected both above and below the point of entry of 
the effluent, and care taken that the sample collected above the point of 
entry has not mixed with the effluent through back-wash; it is also 
important to consider whether the water above the inflow of the effluent 
may have been previously contaminated by other effluents. The- sample 
taken below thexn^ry of the effluent must be collected at a point where 
4he effluent has had time to thoroughly mix with the river water. This 
mixing is promoted by curves in the river, dams, bushes, etc. In the 
case of an even river with a slow current, effective mixing may only 
have been attained some miles, below the point of entry of the effluent. 
In collecting the sample below the point of entry, it is also necessary 
to observe whether other feeders have supplied the river between the 
e nt r > r °t the effluent and the place selected for taking the sample ; 
should this be the case, a sample of each feeder must be collected and 
examined. 



CHEMICAL EXAMINATION 811 

Samples should be taken from each bank and from the middle of the 
stream, also from the surface and from various depths, and the examina- 
tion of the watef made on a mixture of the samples collected in this 
manner ; this method of taking samples from various parts is especially 
necessary in examining the water of stagnant pools’ ponds, and lakes. 

In the case of tidal rivers, the state of the tide must be noted and 
samples taken accordingly ; pollution may, <jf course, be carried up the 
river on a rising tide. # 

In some cases, especially where many rapidly varying effluents flow 
into a stream, the extent of the influence or pollution of each effluent 
can be found by examining the composition of the water and determin- 
ing, in addition, the quantity of flow of the # stream and of each effluent; 
the degree of pollution introduced at high-, low-, and mid-water can 
then be calculated. The determination of the quantities of water is best 
dealt with by a hydraulic engineer. 

Light may in some instances be thrown on the cause of pollution by 
an examination of the mud, or of the deposits on stones and plants, or 
by the presence of damaged plants and trees, or of dead fish. The fauna 
and flora of the water should be noted when collecting the sample. 


CHEMICAL EXAMINATION 

A. Preliminary ^Examination on the Spot 

In the preliminary examination the following^ points are dealt 
with : — • 

1. Appearance of the water. Whether clear, turbid, coloured, etc. 
The extent to which a turbid or coloured water is harmful can only be 
determined by the examination of the suspended matter causing the 
turbidity ; the turbid appearance of a water is not in itself decisive as 
to whether it is harmful or not. 

2. Smell. Whether due to hydrogen sulphide, sulphur dioxide, free 
chlorine, ammonia,- turnips, beet, yeast-water, etc. 

3* Reaction. This is determined by holding litmus paper in the 
running water, • » m 

4. Temperature. A sensitive thermometer is held in the flowing water^ ♦ 

until it indicates a constant temperature ; readings must be taken in 
various positions and at various depths. In sampling from manholes 
or other places where the actual liquid is not readily accessible, it is 
convenient to attach the thermometer to a small receptacle which can 
be lowered, along with the thermometer, into the liquid ; the temperature 
can then be read without appreciable error, on bringing the receptacle 
to the surface. *** 

5. Nitron? acid A qualitative test with potassium iodide, starch 
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solution and dilute acetic acid, or with meta-phenylenediamine, is 
sufficient. 

6. Free Gases and volatile Acids. If oxygen, carbon dioxide, hydrogen 
sulphide, chlorine, hydrochloric acid, etc., are to be quantitatively 
determined, this must either be done on the spot, or they must be fixed 
in such a way that they do not alter during transit. Oxygen^ can be 
absorbed either by L. W.* Winkler’s method (p. 782), or by that of C. 
G. Muller (p. 827), carbon dioxide by addition of lime-water free from 
carbon dioxide, hydrogen sulphide by addition of cadmium chloride, 
or of sodium arsenite and alkali, hydrochloric acid by silver nitrate 
solution, etc., and the solutions obtained further examined in the 
laboratory as described below. 

7. The Bacteriological examination must be started on the spot, pre- 
ferably in Petri dishes, and continued in the laboratory icf. p. 789). 

B. Examination in the Laboratory 

The examination in the laboratory must always be made as soon 
as possible after the collection of the sample, especially if the effluent 
contains much organic matter ; the latter readily decomposes on keeping, 
being partially converted into gaseous products, and partly causing 
solution of suspended organic matter, or the precipitation of organic 
substances from solution. If it is impossible to examine the sample 
at once, this must be taken into account*in interpreting the results, or 
a preserving agent such as dilute sulphuric acid or chloroform must be 
added when the" sample is collected. The former is*used as an addition 
to filtered effluent waters in which the oxidisability, the organic nitro- 
genous compounds, ammonia, and organic carbon, are to be determined, 
and the latter as an addition to unfiltered water in which the residue 
on evaporation, the suspended matter, loss on ignition, nitric and nitrous 
acids and chlorine are to be estimated. Whenever possible, however, 
it is preferable to pack the samples in an ice box till they can be 
examined. r 

The above preliminary tests must be, as^ far as possible, controlled 
and repeated in tjie laboratory. The smell* is often only noticeable 
^after warming to 40° to 50°, or on rinsing round a small sample in a 
beaker. 

When, in disputed cases, the water is examined by several chemists, 
uniform methods of analysis should be employed. The methods given 
below have, so far, been found to be trustworthy. 

1. Residue on Evaporation and Loss on Ignition. 

r^ Two hundred cc. of the water are evaporated to dryness in a 
previously ignited and weighed platinum dish ; the residue is dried in 
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an oven at 105° to no° for one hour, weighed after allowing to cool in 
a desiccator, and the drying repeated until the weight is constant 

The residue i$ then heated to redness in the platinum dish, moistened 
with ammonium carbonate and again gently ignited. The difference 
between the weight of the residue on evaporation aftd that obtained on 
ignition gives, fairly accurately, after allowing for water of crystallisation, 
the amount of organic matter in the wate^ ; the residue on ignition 
represents the anhydrous mineral matter. 

2. Suspended and Dissolved Organic and Inorganic Matter. 

From 200 to 1000 c.c. of the water, according to the amount of 
suspended matter present, are filtered through a filter paper previously 
washed, dried at ioo° to 105°, and weighed. The residue on the 
filter is washed twice with distilled water, dried at ioo° to 105°, and 
weighed, then ignited, and again weighed. The total residue represents 
the amount of suspended organic and inorganic matter, the ash, after 
deduction of the filter ash, the amount of inorganic matter, and the 
difference, the amount of organic matter. 

To identify the inorganic constituents the ash is dissolved in hydro- 
chloric or nitric acid, and the solution examined in the usual manner. 

The dissolved inorganic and organic matter is determined in the 
filtrate and washings, from the above residue, or in an aliquot part, as 
described under 1. 

If the water does not filter well, so that a change might occur during 
filtration, it is advisable to filter a well-mixed portion of the sample 
through a dry, plated filter paper, and to determine the residue on 
evaporation and on ignition in 200 c.c. of the filtrate, and also in 200 
c.c. of the original unfiltered water. The difference between the losses 
on ignition from the unfiltered and filtered water gives the amount of 
suspended organic matter, the difference between the residues on 
ignition, the amount of suspended mineral matter. The dissolved 
organic and inorganic matter are found, from the loss on ignition and 
th« weight of the residue, from the filtered water. 

If the water contains figse lime, carbon dioxide is first passed through 
in excess, and the determinations then made as<-abpve; the carbon 
dioxide corresponding to the free lime is deducted from the total* 
residue. 

When the sample contains a large amount of suspended matter, 
e.g. storm water, a sufficiently accurate determination may be made 
by allowing, say, 500 c.c. of the sample to stand, when the greater part 
oflhe suspended matter settles out 1 The fairly clear liquid is then 
syphoned off, and the deposit washed on to a smooth, toughened filter 
paper (eg Schleicher and Schiill, No. 575), washed, and driecf*tn 

• 1 Fowler, Sewage Works Analyses , p. 106, ^ 
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the air-bath at ioo° to no 0 . After drying, the suspended matter can 
be scraped off the smooth paper into a weighed crucible and weighed. 
On igniting, moistening with ammonium carbonate*® and re-heating, 
the proportion of mineral matter is obtained as before. 

Where a large r number of determinations have to be made, they 
may be much facilitated by the use of a centrifugal machine. There 
are many types of these, gill depending on the fact that if a solution 
containing suspended particles is rapidly whirled round, the particles 
tend to collect at the bottom of the liquid if they are heavier than the 
latter, and at the top if they are lighter. The separated particles can 
readily be washed by decantation, transferred to a crucible, dried, and 
weighed. 

3. The Determination of Colloidal Matter. 1 

The organic and other matter in sewage and effluents is partly 
present in the colloidal state. The better the effluent the greater is the 
proportion of the total matter present in true solution, and the less the 
difference in composition before and after passage through a parchment 
membrane. 

The best method for dialysis is to employ “ sausage skin ” dialysers 

filled with water and immersed in the solution to be dialysed, contained 

in long glass cylinders. The solution is left to dialyse until the chlorine 

content of the solution is found to be the same on both sides of the 

dialyser. A determination of the “ oxidisability ” or of the albuminoid 

ammonia, within and without the dialysers, will then give a measure of 

the ratio between the colloids and crystalloids thus : — 

If# = value obtained for the solution outside^the dialyser, 

y = value obtained for the solution inside the dialyser. 

t, , . colloids x - y 

Ratio : - s 

crystalloids 2 y 

Similar information is more rapidly obtained when the liquid is 
clarified by boiling with sodium acetate and ferric chloride, filtered through 
paper, and the original liquid and the filtrate analysed. 

In this case, 200 c.c. of the sample are treated with 2 c.c. of a 5 per 
cent, solution of ferric chloride, and 2 c.c. of a 5 per cent, solution of 
sodium acetate, th&miixture boiled for two minutes* filtered, cooled, and 
~the oxidisability or the albuminoid ammonia determined in both the 
unclarified and the clarified sample. 

Then if : — x = value obtained for the unclarified sample, 
y — value obtained for the clarified sample. 
p colloids x -y 

crystalloids y 

c f' Krahuke and Biltz, Hygieniscke Rundschau , May 1904 ; Fowler and Ardern, /. Soc. 
Chem t 2 nd., 1905, 24, 483 ; Fowler, Evans, and Oddie, ibid., 1908, 27, 205 ; J. H. Johnston, /. 
Royal Sanitary Inst, 1906, ■> 
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. 4. Oxidisability or Oxygen-consuming Power. 

The quantity of potassium permanganate used up by a sample of 
water does not <give an absolute measure of the amount of organic 
matter in a water, as the oxidisability of the organic substances varies 
greatly and is seldom complete under the conditions prescribed for the 
determination. Comparable values may, however, be obtained in the 
case ofliquids of the same or similar origin. . 

The most satisfactory results are obtained by making the determina- 
tion on the filtered sample of the water. In the case of comparative 
tests on purified and unpurified liquids, it is advisable to choose such 
dilutions that approximately equal quantities of permanganate are used 
for equal volumes of the diluted waters. The dilution should be such 
that the liquid remains red on boiling with 20 c.c. of N/ioo perman- 
ganate solution. The determination is carried out either in acid 
solution (Kubel) or in alkaline solution (Schulze). The former process 
is simpler and gives somewhat more constant results, but the oxidation 
of the organic matter is more complete in alkaline solution. 

The details for the estimation are given under “ Drinking Water/ 5 
p. 742. As it is often necessary, in determining the reducing power of 
effluents, to dilute the sample with distilled water, attention should be 
paid to the fact that distilled water is seldom free from organic matter. 
H. Noll 1 has accordingly proposed to titrate the distilled water used 
with the permanganate solution, and to then immediately run 15 c.c. 
of N/100 oxalic acid solution Into the titrated liquid, and determine 
how much permanganate solution this requires ; the^difference between 
the two results gites the oxidisability of the distilled' water, which is 
ysed as a correction in the determination. Or, a drop or two of 
permanganate solution may first be added to the water used for 
dilution or for making up the standard permanganate solution, till a 
very faint, permanent, pink tinge is obtained. 

From the quantity of potassium permanganate solution required to 
oxidise the organic matter, the amount of the latter in the water may 
be«expressed in various ways. Supposing that 10 c.c. of permanganate 
solution correspond exactjy to 10 c.c. of oxalic acid solution, and that 
10 c.c. of the former are originally added and 5 c.c*titrated back, then 
the 100 c.c. of water examined contain organic matter which requires* 
5 c.c. of permanganate solution, per litre, for its oxidisation, or : — 
o* 3 16 X 5 x 10= 15*8 mg. potassium permanganate, ) ^ 
or 0*08 X 5 x 10=4-0 mg. oxygen. | P r re * 

If, as Wood and Kubel assume, one part of potassium perman- 
ganate oxidises, on the average, five parts of organic matter, then 1 
litre of the water contains : — 

1*58 x S x io = 79*o mg. of organic matter. 

# 1 Z. angew . Chem , ., 1903 , 16 , 748 . 
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The following methods of determining the oxygen-consuming power 
or oxygen-absorption are also used. 1 

Four Hours' Test. Fifty c.c. of the liquid, or. other volume, 
according to the reducing power, are treated with io c.c. of sulphuric 
acid (i : 3) and 50 c.e. of potassium permanganate solution (10 c.c. = 1 mg. 
oxygen) ; the mixture is allowed to stand in a closed bottle for four 
hours, and is shaken from tjme to time if suspended matter is present. 
If the colour is noticeably weaker before the end of the four hours, 
more acid and permanganate are added. After four hours a few drops 
of 10 per cent, potassium iodide solution are added and the amount 
of liberated iodine determined by titration with sodium thiosulphate 
solution (1 c.c. = 2 c.c. permanganate solution) ; from this the amount 
of unused permanganate, and hence of absorbed oxygen, is calculated. 

In other cases the duration of the action of the permanganate is 
limited to three minutes; this is called the Three Minutes' Test. 

Incubator Test. The amount of oxygen taken up from the per- 
manganate in the three minutes’ test is first determined. A bottle is 
then completely filled with the sample, and kept closed, in an incubator, 
for six or seven days at 27 0 . The amount of oxygen absorbed in three 
minutes is then again determined. If putrefaction has taken place, the 
amount of oxygen absorbed in three minutes will have increased, in 
consequence of the greater oxidisability of the products of decomposi- 
tion; if, on the other hand, the sample has remained fresh, no increase 
but possibly a slight decrease, will have occurred, due, in the latter case, 
to slight oxidation^of the impurities at the expense of nitrates or of air 
dissolved in the water. • 

Tidy's Method 2 is similar to the preceding. The permanganate 
solution is allowed to act for two or three hours on the acidified water, 
and the undecomposed permanganate determined according to the 
method given under the four hours’ test. 

5. Alkalinity. 

The alkalinity of a water may be caused by free calcium hydroxide, 
ammonia, etc. It is determined by.titration*with JVj 10 or hydro- 
chloric acid, using methyl orange as indicator, and is expressed in 
terrhs of mg. of CaO per litre, or in mg. per litre of the principal base 
present. ( Cf. pp. 737 and 764.) 

6. Free Acids. 

If alkalis or alkali earths are the only bases present, the free acids 
■may be determined by titration with Nj 10 sodium hydroxide solution, 
' rising litmus as indicator. If other metals (iron, zinc, copper) are also 
“ 1 Cf, Fowler, Sewage Works Analyses , pp. 21-37. 2 J Chem, Soci , 1879, 3 S 66. 
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present the total amounts of acids and of bases must be determined 
and calculated to salts ; if there is an excess of total acids, that acid 
which, according*to the nature of the effluent, may be supposed to be 
present in excess, is assumed to be free. 

7. Nitrogen. 

% 

The quantity of total nitrogen and that -of the individual nitrogen 
compounds is of special importance in forming a judgment on the 
character of an effluent. 

A. Total Nitrogen . The Kjeldahl-Jodlbaur Method , ’ Two hundred 
and fifty to five hundred c.c. of water are boiled down with 25 c.c. of 
phenol-sulphuric acid (200 g. phosphoric anhydride and 40 g. phenol in 

1 litre of concentrated sulphuric acid) in a round-bottomed Jena-glass 
flask of about 700 c.c. capacity, over a naked flame; after cooling, 

2 to 3 g. of zinc dust free from nitrogen, and 1 g. of mercury are 
added, the whole allowed to stand for a short time and then heated 
until the liquid is colourless. The residue is then treated as usual and 
the liberated ammonia absorbed by sulphuric acid. Full details of the 
method are given in the section on “ Manures,” Vol. II. 

The following process, based on the Ulsch modification of the 
Kjeldahl method, has been found satisfactory for determining the total 
nitrogen in sewage and effluents. (Fowler.) 

Fifty c.c. or more of the, sample is taken and the free ammonia 
distilled off with steam after the addition of a little sodium carbonate. 
The liquid is then transferred to a 300 c.c. round-bottomed J ena flask, 
2*5 g. of zinc dust £nd 1 drop of platinic chloride solution added, the 
volume made up to 150 c.c. with ammonia- free distilled water (care- 
fully washing any adherent particles in the neck into the flask) and 
10 c.c. of a 20 per cent, sulphuric acid solution added to the mixture. 
Care must be taken on the addition of the acid to prevent frothing 
over, by gently swirling the flask round, or by tilting it into an almost 
horizontal position, until most of the effervescence has subsided. The 
flask is then placed on a sand-bath in an inclined position and gently 
heated until the bulk is reduced to about 50 c.c. ; after cooling, o*i g. of 
pure copper oxide is added and well mixed with the* residue, and then 
20 c.c. of concentrated sulphuric acid drop by drop, the same means » 
being adopted as before to prevent frothing over ; when the greater 
part of the effervescence has subsided, four more drops of platinic 
chloride are added, care again being taken to obviate frothing. The 
contents of the flask are then heated carefully over a small, free flame 
about 1 inch high, so that the flame does not reach the edge of the 
surface of the liquid ; the heating is continued until the liquid is com- 
pletely charred and has a pale green or greenish-grey colour. Tli<f 
contents of the flask are cooled, diluted carefully with ammonia-fre# 

3 F 
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distilled water, the crystalline residue dissolved, the solution again 
cooled, transferred to a 300 c.c. flask and made up to the mark with 
the ammonia-free distilled water. 

One hundred and fifty c.c. of this solution are placed in a round- 
bottomed flask fitted with a tap-funnel and attached to a condenser, 
the receiver of which dips into an Erlenmeyer flask containing 20 c.c. of 
IV/io sulphuric acid solution ; 2 or 3 drops of phenolphthalein are added 
to the solution, strong potassium hydroxide- solution run in till alkaline, 
and the mixture distilled with steam until 200 c,c. have passed over 
into the sulphuric acid. A further 50 c.c, may be distilled over and 
tested for ammonia by Nessler’s reagent The excess of acid is titrated 
back with Nj 20 potassium hydroxide, using methyl orange as indicator, 
and the result calculated in terms of nitrogen. A blank experiment 
should always be made with the reagents used. 

If nitrates are present, the ammonia produced by their reduction, as 
determined in a separate experiment, must be deducted from the total 
amount found. It is safer, in this case, to determine the “nitrate” 
ammonia by starting two determinations as described, and determining 
the ammonia produced in the first stage of the process by stopping it 
at the end of the boiling down with dilute sulphuric acid and zinc dust, 
making alkaline, distilling with steam, and titrating or Nesslerising the 
distillate. 

By subtracting the “ albuminoid ” ammonia, as determined by 
distillation with alkaline permanganate, from the total “organic” 
nitrogen, the amount of what may be termed “ residual ” nitrogen is 
obtained. 

In the case of dry, solid matters such as sludge, 0*5 g. is taken for 
analysis, and the preliminary distillation of the free ammonia omitted 

J. Campbell Brown 1 recommends evaporating and subsequently 
igniting the sample in a glass or copper retort with a mixture of potassium 
hydroxide and potassium permanganate, the liberated ammonia being 
estimated by Nessler’s solution ; he states that this method is as precise 
| as the Kjeldahl process and less troublesome to carry out. * 

B. Ammonia . {Cf. p. 765.) Ammonia is. tested for qualitatively by 
adding o *5 c.c. of sodium hydroxide solution and 1 c.c. of sodium carbonate 
^ solution to about 100 c.c, of the water, allowing to settle, and testing 
^he clear liquid with Nessler's reagent ; a pale yellow to reddish brown 
Coloration or precipitate is formed, according to the amount of 
Ammonia present 

Up quantitative determination, a definite volume of the water 

f distilled with ignited sodium carbonate, and the liberated ammonia 
l ^i^her absorbed in titrated sulphuric acid or estimated colorirrietrically. 
tfrA§tt£sia is sometimes used, but it is regarded by some writers 
1 J , Chem s Sac ., 1905, 87, 1051. 



AMMONIA 


819 


as 'likely to cause a decomposition of nitrogenous organic substances, 
and thus lead to high results. 

The colorimetric method is only suitable for waters which do not 
contain a large proportion of ammonia ; otherwise the sample must be 
largely diluted and the experimental error is th f en correspondingly 
increased. The preparation of solutions containing known amounts of 
ammonia for the colorimetric comparison i r troublesome, and can be 
avoided by using a colorimeter with a permanent colour scale such as 
that devised by J. Konig. 1 

The colorimeter consists of six graded slips, each of which corre- 
sponds to the coloration produced by a certain percentage of ammonia, 
and which are arranged as the faces o.f a hexagonal prism, on a 
stand, so that they can be rotated round its vertical axis and successively 
compared with a tube containing the sample to be tested, which is 
supported on an arm of the same stand. Hehner’s cylinders, with 
graduations at 25, 50, 75, and 100 c.c. are used for the sample, and the 
length and breadth of the slips is equal to the height and diameter of 
the cylinders respectively. 

To carry out the determination, 300 c.c. of the water are treated 
with 2 c.c. of sodium carbonate solution (2*7 parts pure, crystallised 
sodium carbonate in 5 parts of water) and 1 c.c. of sodium hydroxide 
solution (1 part sodium hydroxide in 2 parts of water), shaken up, 
allowed to settle, and 100 c.c. gf the supernatant liquid decanted into a 
Hehner cylinder, and 1 c.c. of Nessler’s reagent added ; if not clear, the 
liquid must be filtered through a filter paper previously washed free 
from ammonia. If%. strong coloration, tending to red, appears at once, 
a second c.c. of Nessler’s reagent is added, the whole well mixed, and 
the cylinder placed in the colorimeter and compared with the standard 
slips. Should the coloration be more intense than the darkest of the 
standards, the liquid must be correspondingly diluted. 

For rapidly carrying out a large number of comparative determina- 
tions the Stokes colorimeter is very useful. This instrument consists 
essentially of two glass cylinders, each of 100 c.c. capacity, joined at the 
base by a rubber tube. One of the cylinders is graduated into c.c., and 
can slide in a clamp which is attached to a vertical ^br^ss support; the 
second cylinder is plain and rests on a sloping .glass plate, beneath • 
which a piece of white opal glass is placed. One hundred c.c. of 
ammonia solution of known strength, together with 4 c.c. of Nessler’s 
reagent, are placed in these cylinders as the standard for comparison. 

The sample to be tested is similarly treated with Nessler’s reagent 
and* placed in a third cylinder of corresponding dimensions. The 
graduated cylinder of the instrument is then moved up and down until 
the tints in the plain cylinder and in the third cylinder, containing the 
* 1 Chem % Zeit , 1897, 21, 599. ♦ 
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sample, correspond. This identity of tint is best judged by observing 
the cylinders through a card perforated with two holes about half an 
inch in diameter, coinciding with each cylinder. From the reading on 
the graduated cylinder the amount of ammonia can then be calculated. 1 

C. Nitrous Acitl ( Cf. p. 7 S 9 -) To test qualitatively for nitrous 
acid, either a clear sample is used, or one which has been clarified by 
adding 3 c.c. of sodium carbonate solution (1 : 3), 0-5 c.c. of sodium 
hydroxide solution (1 : 2), and a few drops of alum solution (1 : 10). 
About 50 c.c. of the water are well mixed with 0-5 c.c. of zinc iodide- 
starch solution and 5 to 6 drops of dilute sulphuric acid. 

The starch solution is prepared by dissolving 20 g. of zinc chloride 
in 100 c.c. of water, filtering„and adding to the boiling filtrate 4 g. of 
starch mixed into a thin paste with a few c.c. of cold water, with 
constant stirring. The whole is diluted to X litre, the flocculent 
material allowed to settle, and the solution filtered through a small 
jelly-bag. 2 Equal volumes of this solution and of potassium iodide 
solution are mixed for use. 

A blue coloration is formed, which appears either at once or only 
after some minutes, according to the quantity of nitrous acid present ; 
if the coloration appears only after about five minutes, it may be due to 
organic matter or to ferric salts. The error caused by the presence of 
ferric salts may be avoided by the use of a sulphuric acid solution 
of meta-phenylenediamine instead of the zinc iodide-starch solution. 
The test is then made by adding 1 to 2 c.c. of dilute sulphuric acid and 
X c.c. of the diamine solution to 100 c.c. of the water, in a tall glass 
cylinder. According to the amount of nitrous acid present, a brown or 
yellowish-brown to reddish coloration, due to the formation of an azo- 
dyestufF, is obtained. 

The quantitative determination of nitrous acid is best effected 
colorimetrically. An accurate colorimetric method is that of G. Lunge 
and Lwoff ( cf. p. 377). Konig’s colorimeter has also been adapted 
for this estimation, and is very serviceable for the purpose. To 
carry out the determination, 100 c.c. of the clear or clarified sample 
are placed in a Hehner cylinder, 3 c.c. of,, zinc iodide-starch solution 
and 1 c.c. of dilute-sulphuric acid added, and' the coloration compared 
with the standards. The intensity of the coloration is entirely 
dependent on the duration of the reaction, and it is therefore advisable 
for each observer to first ascertain the time necessary, in minutes, for 
the coloration produced by a normal nitrite solution to correspond with 
the shades of the colour scale ; this time must then always be kept to in 
making the test. If a strong blue coloration is formed at once,'' the 
liquid must be correspondingly diluted ; if the reaction does not occur 

1 Cf Fowler, Sewage Works Analyses , pp. 50-52. 

2 I. Thresh, The Examination of Water and Water Supplies , pp, 196 "and 430* 
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in from*five to six minutes, the amount of sulphuric acid is increased by 
2 c.c. and another observation made after a few minutes. 

' Nitrites can *also be determined colorimetrically by the meta- 
phenylenediamine method (cf. p, 759), or by means of sulphanilic acid 
and a-naphthylamine (cf. p. 760), # 

D . Nitric Acid. Little importance is attached to the qualitative 
detection of nitric acid, in judging the character of an effluent, as the 
quantitative estimation of* the amount present is essential. The 
qualitative tests are described in the section on “ Drinking Water and 
Water Supplies,” p. 751. 

It is, however, often of value to obtain quickly an approximate 
idea of the quantity of nitrate present, and this can be effected by a 
method first worked out by J. Horsley 1 and subsequently brought into 
practical use by F. W. Stoddart. The following description of the 
method is given by G. McGowan : 2 — 

Ten c.c. of the sample, filtered from all suspended solids, are poured 
into a test-tube of rather thick glass (a bacteriological test-tube 15 cm. 
long by 1*25 cm. diameter), about 0-2 g. of pyrogallol added, and the 
solution shaken till uniform ; after the first two or three trials it is 
unnecessary to weigh the pyrogallol, as it can then be measured out 
with sufficient accuracy. Two c.c. of concentrated, nitrate-free sulphuric 
acid are then allowed to flow slowly down on to the bottom of the tube 
from a small pipette, plugged at the upper end with a piece of cotton 
wool, so as to form a layer below the water. Before withdrawing the 
pipette, its upper end must be closed by the finger, in order to prevent 
the acid still remaning in it from mixing with the aqueous layer of 
liquid. About o-i g. of pure, dry, powdered sodium chloride (the weight 
of which can also be judged after one or two trials) is then dropped 
into the tube, and falling — as much of it does — on the junction of the 
sulphuric acid and the water, it gives rise to a brisk effervescence. 
Should nitrate be present, a purple band is formed at the junction of 
the two liquids, the intensity of which is proportional to the content of 
niteate. 

A preliminary trial gives a rough idea of this amount, after which 
a second estimation is* made along with three jbther simultaneous 
determinations with similar volumes of standard potassium nitrate, 
solution. Thus, if the preliminary trial shows that about o -6 parts of 
nitric-nitrogen are present per 100,000 parts of liquid, the three 
standards are made to correspond to 0-4, o -6, and 0*8 parts. In this 
way the nitric-nitrogen in the sample may be gauged to within about 
0*2^ parts per 100,000. It is essential that the determinations should be 

carried out at the same time in both sample and standards, as it is 

** • 

1 Chem . News , 1863, 7, 268, 

2 Reports of the Royal Commission on Sewage Disposal , 1904, Vol. IV., Part V,, p. 23. m 
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useless to compare two tubes unless they have been prepared within a 
few minutes of one another; further, the sodium chloride used must be 
dry and finely powdered. There is considerable saxung of time, in 
carrying out this test, if a number of dilute standard solutions of nitrate 

are always kept ready in stoppered bottles. . 

For the accurate quantitative determination of nitric acid Ulschs 
method (p. 31 1) and the .zinc-copper couple method (p. 7 53) have 
proved of value. The so-called zinc-iron .method and the Schulze- 
Tiemann modification of Schlosing’s method (p. 317) are also employed. 

For the estimation, 1 litre of the water is evaporated down to 50 c.c. 
with addition of potassium hydroxide, free from nitrate, and finally, of 
a little potassium permanganate ; the nitrate is then determined in the 

residue. , 

In the Zinc-Iron Method, the nitrate nitrogen is reduced to ammonia 

in alkaline solution; it is therefore convenient for the alkaline liquid 
prepared as above. The concentrated residue of the sample is treated 
in a flask with a little more potassium hydroxide, free from nitrate, and 
75 c.c. of alcohol and 4 g. of a mixture of zinc- and iron-dust added ; a 
little purified animal charcoal is also added to avoid frothing. The flask 
is connected with a condenser leading to a receiver which contains ioc.c. 
of iV-sulphuric acid. The whole is allowed to stand for from three to 
four hours, so that the violent evolution of hydrogen may subside, and 
is then distilled with a small flame. When all the alcohol has distilled 
over and water vapour comes off, the distillation is stopped. 1 he excess 
of sulphuric acid in the receiver is titrated back with sodium hydroxide 
and the amount of nitrate-nitrogen calculated from the number of c.c. of 
sulphuric acid used up. 

0 . Bottcher uses in this method, for every 0-5 g. of sodium nitrate, 
8oc.c. of sodium hydroxide solution of sp. gr. 1-3, 5 g- of zinc-dust and 
5 g. of iron-dust ( Ferrwn limatum). 

The Schulze- Tiemann Modification of the S chibsing Method, in which 
the nitric oxide evolved by reduction of the nitrate with an acid solution 
of ferrous chloride is measured, is carried out in the apparatus shown 
in Fig 193. 

The small flask A, In which the reaction is affected, has a capacity of 
^about 1 50 c.c., and is closed with a doubly-bored rubber stopper. The 
"tubes b c and d e, which pass through the stopper are joined, at b and e 
to' the tubes a and/ by means of rubber tubing provided with pinch- 
‘ docks ; b c Is drawn out to a fine point at c, about 2 cm. below the stopper, 
Iwhilst d e terminates flush with the bottom of the stopper. B is a glass 
Trough filled with boiled-out 10 per cent, sodium hydroxide solution, 
land G a measuring tube graduated in cc. and filled with the same 
s|!tf£td. ' 

iffHThe estimation is conducted as follows The concentrated residue of 
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the sarqple is rinsed into the flask A and further boiled down to 1 5 to 20 
c.c.j the pinch-cocks b and e being open. The lower end of the tube d ef 
is then dipped info the sodium hydroxide solution in the trough B and 
steam allowed to pass through for some minutes. When the steam has 
expelled all the air from the apparatus, the sodium,hydroxide solution 
runs back into e/on closing the connection at e with the fingers, and a 
slight iriipact is felt. The pinch-cock at e is then closed and the liquid 
further boiled down to about 10 c.c., abc remaining open. The 



Fig. 193 . 


pinch-cock at b is then closed, the flame at once removed, and the tube 
a filled with water, taking care that no air remains at b The 
measuring tube C is then placed in position so ttaf the end of the . 
delivery tube d ef projects for about 2 cm. into the former When the 
rubber tubing at b and e has contracted, the tube a is dipped into a smal 
beaker filled with 20 c.c. of boiled-out ferrous chloride solution. About 
it CC of this solution are then allowed to flow into A by carefully- 
Opening the pinch-cock at b. The tube « is then dipped into another 
beaker containing boiled-out hydrochloric acid, which is allowed to 
enter until all the ferrous chloride solution has been expelled fronUlje 
tube abc. The flask A is then gently warmed until the rubber 
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connections begin to distend somewhat and the evolution .of gas 
checked by placing the fingers at c. When the pressure increases the 
evolved nftrie oxide gas is allowed to pass slowly .r*. the measuring 
tube C Finally, the flask is heated more strongly until the volume of 
gas in C remains constant. The tube ,f is then removed and the 
measuring tube C transferred, by means of a small porcelain dish 
contSninf sodium hydroxide solution, to a large glass cylinder filled 
with “ate. After standing for half an hour, the temperature of the 
Tier the barometric pressure, and the volume of the mtnc ox.de are 
" a d Before measuring the volume of the gas the measuring tube 
is Raised by means of a clamp until the liquid in the tube and in the 
rvlinder is 3-t the S3.me level. 

The volume found is reduced to o’ and 760 mm. pressure by means 
of the formula.- _ 

(1 + 0.00366/) 7 60 

where *», is the volume at o'’ and 760 mm. pressure, * the volume read 
b the barometric pressure in mm., to the tension of water-vapour, anc 
fhe temperature of the water; or the Tables VI -VIII. (Appends) 
may be employed for the correction. The weight of nitric anhydride m 
mg is obtained by multiplying the number of c.c. of NO by 2-412. 

As by this method any nitrous acid present in the water is also 
determined as nitric acid, 1-421 parts by weight of mtnc anhydride 
must be deducted for every part of nitrous anhydride present 

When only small quantities of nitric acid arc present the colon- 
metric brucine method of Lunge and Lwoff (pp. 3 7 fi> and 750 IS to e 

recommended. , , , 

E Suspended and Dissolved Organic Nitrogen and Ammonia. 

Samples of 200 c.c. each, of the filtered and of the unfiltered water, or 
larger quantities if the water is poor in nitrogenous matter, are heated 
in hard glass Jena flasks of 500 to 600 c.c. capacity with acid sodium 
-sulphite, ferrous chloride, and a few drops of sulphuric acid, and boilec 
down to 10 to 20 c.c. ; this treatment destroys the nitric acid, pie 
residue is then treated with 20 c.c. of concentrated sulphuric acid and 
the nitrogen determined by Kjeldahl’s method. The difference between 
the nitrogen contents of the unfiltered and filtered water gives the 
amount of suspended nitrogen, and the nitrogen content of the filtered 
water, the amount of organic and ammoniacal nitrogen present in solution 


[cf. p. Si 3). . 

F. Combined Organic Nitrogen. (. Albuminoid Ammonia .) The 
amount of so-called albuminoid ammonia is given by the difference 
|>etween the organic and ammoniacal nitrogen found according to E and 
%esriammoniacal nitrogen. For the direct determination the methods 
| Q f Wanklyn, Chapman, and Smith (p. 769) are used. 
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, 8. Sulphuretted HydrogeL and Sulphides. 

Small quantities of sulphuretted hydrogen are best determined 
colorimetrically, For this purpose ioo c.c. of the water are treated 
with i c.c. of sodium nitroprusside solution (2 g. per litre) and the 
violet coloration which is formed compared with* a standard scale of 
colour, each shade of which represents a definite amount of hydrogen 
sulphide (cf. p. 786). * ^ 

The titration of hydrogen sulphide with iodine solution is not 
reliable in the case of water containing much organic matter, but an 
approximate result may be obtained by this method by first determin- 
ing approximately how much iodine solution is necessary to give a blue 
coloration with 200 c.c. of the sample. The volume of iodine solution 
required in this preliminary estimation is placed in a flask, 200 c.c. 
of the^ water introduced, the whole well shaken, starch solution added, 
and then more iodine solution, until the blue coloration is obtained. 

Free hydrogen sulphide is best determined by passing air, freed 
from carbon dioxide by sodium hydroxide solution, through the water 
and absorbing the hydrogen sulphide carried off by the air, as lead 
sulphide, which is determined in the usual manner; or, the air 
containing hydrogen sulphide is passed into N’jioo iodine solution and 
the liberated iodine titrated. The soluble sulphides are determined in 
the residue by treating it with a solution of zinc acetate and acetic acid 
and weighing as zinc sulphide, or by oxidising to sulphuric acid and . 
weighing as barium sulphate; in the latter case, any sulphuric acid 
originally present must, of course, be deducted. 1 
• 

9. Chlorine. 

A. Combined Chlorine . One hundred c.c. of the filtered water, or 
correspondingly less if the chlorine content is high, are heated to 
boiling, treated with a little potassium permanganate, and the boiling 
continued until the manganese oxides separate in a flocculent condition 
and the supernatant liquid remains clear. Any excess of permanganate 
u§gd is decolorised by addition of a little absolute alcohol. The liquid 
is then filtered, the residue washed with hot water, and the filtrate and 
washings titrated with Dl / 10 silver nitrate solution (cf. pp. 123 and 750). 
One c.c. Nf 10 silver nitrate solution = 0-003545 g. cnlorine. 

If much potassium permanganate has been used to oxidise the organic 
matter and the filtrate is alkaline, the chlorine may either be determined, 
as above, after neutralisation of the filtrate with nitric acid, or by 
preference gravimetrically, or by Volhard’s volumetric method (p. 123). 

•B. Chlorine in the Free State or as Hypochlorites. From 100 to 
500 c.c. of the sample are treated with 1 g. of potassium iodide and 

1 Cf. C. Weigelt, Vorschriften fur die Entnahme und Uniersuchung von A bwassefh %nd 
Fischwcissern , 19CO, p. 20. 
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56 per cent acetic acid, and the liberated iodine titrated with. N/10 
sodium thiosulphate solution ; the titration is continued until a pale 
yellow coloration remains, freshly prepared starch solution then added, 
and the titration completed. One c.c. N/10 sodium thiosulphate solu- 
tion = 0-003545 g- CL 

The determination of chlorine or of hypochlorites in effluents has 
become of importance owing to the use of chloride of liml as a 
sterilising agent in certain cases. Acetic acid is used instead of 
hydrochloric in the titration, as the results are then unaffected by the 
presence of chlorates or of iron in the liquid. 1 

10. Other Mineral Substances. 

Lead, copper, iron, zinc, manganese, calcium, magnesium, potassium, 
sodium, and sulphuric acid are determined according to the _ usual 
methods. If these constituents are present only in very small amounts 
a correspondingly large quantity of the sample must be taken and 
previously concentrated with addition of a suitable acid. 

Phosphoric acid is determined by evaporating from 500 to 2000 c.c. 
of the water, according to the quantity present, to dryness in a platinum 
dish, fusing the dry residue with sodium carbonate and potassium 
nitrate, dissolving the melt in nitric acid, and precipitating the phos- 
phoric acid from its nitric acid solution with ammonium molybdate. 

ix. Albuminoid Compounds, Sugar, Starch, and Yeast. 

The biuret reaction is the most suitable for detecting the presence of 
albuminoid compounds in effluents. The water is *treated with very 
concentrated sodium hydroxide solution and a few drops of a 1 
per cent, solution of copper sulphate ; in the presence of albuminoid 
compounds a reddish violet coloration is obtained. 

Albuminoid substances can also be detected by means of Millon’s 
reagent, which consists of a solution of one part of mercury in two parts of 
nitric acid of sp. gr. 1-42 diluted with twice its volume of water ; it gives 
a rose-red coloration. In employing this test, the sample is concentrated, 
after first saturating with carbon dioxide if„ calcium is present, and 
, precipitating any hydrogen sulphide with lead acetate, and then treated 
; with the reagent°at 6o°. B. Proskauer 2 recommends the removal of 
.. V. . .hydrogen sulphide by shaking with litharge and then testing for 
! ^albumin by the biuret reaction or with potassium ferrocyanide and 
Si ‘ a ? et ' c ac ^ > t ^ ie precipitate must also always be tested for undissolved 
f'(f ; ]®Jbu m in. In presence of albuminoid compounds which are precipitated 

lead salts very little lead acetate is used, the whole warmed, the 
til Xs|f® : iP ltate washed and digested with pepsin in a 0-5 per cent, solution 
Iff ' 1 1 r 6 ** 0 ac ^ » t ^ le liquid is then tested by the biuret reaction. 

) k f ’ ? k ' _ 1 Schultz, Z. angew. Chem., 1903, 23, 833. * Weigelt; let. cil. 
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Effluents are tested for sugar, after concentration, either with 
N Fehling’s solution or by the ring test with a-naphthol and concentrated 
sulphuric acid;. the violet coloration obtained is a quick and delicate 
qualitative test. Starch and yeast are detected microscopically after 
centrifuging the sample. , 

* 12. Oxygen. 

* 

The method of L. W. Winkler is very suitable for the estimation of 
dissolved oxygen in water. It depends upon the fact that manganous 
hydroxide is converted by oxygen, in presence of alkali, into manganic 
hydroxide, which reacts with hydrochloric 
acid to form manganic chloride; this de- 
composes at once into manganous chloride 
and chlorine, which liberates iodine from 
a solution of potassium iodide ; the liberated 
iodine is then titrated with sodium thio- 
sulphate solution. Details of this method 
are given in the section on “ Drinking 
Water and Water Supplies,” p. 782. 

F. C. G. Muller 1 has constructed an 
apparatus, called the “Tenax” apparatus, 
for estimating the dissolved gases in water, 
which gives rapid and accurate results, 
and which can be used outside a laboratory. 

The principal* portion of the apparatus 
is the Tenax burefte, shown in Fig. 194 in 
T \y of the natural size. It consists of a 
tube, A B C D, xo mm. wide and with two 
U-bends, expanded at the top to form 
the funnel A, and drawn out to a width 
of 4 mm. below and expanded to a bulb fig. 194 . 

at C. At the top of the bend, at B, a measuring tube E is attached 
of* 4 c.c. capacity, graduated in c.c. and fitted with a well- 

ground glass stopper F. *This stopper also serves as a stopcock and 
allows communication to be made between the ijiside of the burette 
and the capillary tube P. The measuring tube is surrounded by th<^ • 
cooling vessel G. The lower part of the main tube is also surrounded 
by a cooling jacket H, which is fed from below, by means of the thistle 
funnel I, with water which escapes through the glass and rubber tubing 
shown in the figure. An outlet cock L is attached to the first bend of 
the* main tube. The whole apparatus is clamped, in a vertical position, 
to a stand, for use. 

1 Forschungsber . a. d. biolog, Station zu Plon, 1903, 10 , 177. The apparatus is supplied ?y The 
Vereinigte Fabriktn fur Laboratoriumsbedarf, Berlin. ^ 
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To carry out a determination, the sample of water to be examined is 
placed in the flask N, of ioo c.c, capacity, and closed with a perforated , 
rubber stopper plugged with a glass rod. The flask is attached to the 
narrow end of the main tube, as shown, after removing a glass rod 
used for keeping this end of the tube closed. Petroleum is then 
poured in at A, first filling the lower part of the main tube and 
then the measuring tube r E, the stopper F being open urftil the 
oil reaches a point close to the capillary, of the side-tube P, when 
the stopper is closed, care being taken that no air-bubbles remain 
under the stopper. The cooling vessels H and G having been filled 
with cold water, the expulsion of the dissolved gases is commenced. 
For this purpose the water in the flask N is first heated to boiling with 
a large flame and then boiled 'for ten minutes with a small flame. The 
greater portion of the dissolved gases are expelled in the form of 
fairly large bubbles whilst the water is being heated up and when it 
starts boiling ; this rises into the measuring tube, and thus drives some of 
the petroleum into the bulb A, During the boiling there should be a 
water-free space, filled with steam, in the upper part of the flask N and 
the lower part of the tube C D ; care must be taken that the surface of 
separation of oil and water does not rise beyond the bulb C ; should it 
do so, the flame is removed for a few seconds, thus causing the water to 
rush back. Cold water is passed through the cooler II, during the 
boiling, and also when the boiling is finished. 

The whole of the gas in the sample is thus expelled and collected in 
the measuring cylinder. To read off its volume, oil is, run off through 
the tap L until 'the levels in the open limb of the tube and in the 
measuring tube are the same. An interval of five minutes is allowed 
for the liquid on the sides of the measuring tube to run down ; also, the 
meniscus must become sharp before taking the reading, as bubbles form 
in the viscous oil which only disappear slowly. If the time available 
for the estimation is limited, the process can be hastened as follows : — 

, The opening A is closed, as shown in the figure, with a rubber stopper 
provided with a tap M and tubing 0 . By sucking sharply and 
intermittently through the tube the confining liquid in the measuring 
tube is made to fall and rise alternately, and by repeating this for five 
. * minutes the top of the meniscus can be distinguished. The volume is 
i ; then read off, also the barometric pressure, and the temperature, as 
i registered by a small thermometer placed in G. All the data for cal- 
y'F culating the total volume are thus obtained. 

iU(; The oxyg'en is then determined by absorption in the pipette K, 

^ . ' contains spirals of copper gauze, and which is filled to the bSnd 

a solution made up of one volume of 10 per cent, ammonia 
^‘Fi^utHon, one volume of a saturated solution of ammonium sesqui- 
?<iF ;®3rbonate, and two volumes of water. The pipette is connected by a. 
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piece • of thick-walled rubber tubing ^with the side-tube P of the 
\ measuring tube, and is kept attached during a number of analyses ; after 
ten determinations the liquid must be renewed. The solution, which is 
itself colourless, becomes blue by absorption of oxygen. 

The gas is driven into the pipette by opening^the stopcock F, and 
blowing at O, and is similarly drawn back into the measuring tube after 
absorption, by suction. Care should be tak$n to avoid oil getting into 
the pipette, or the absorption liquid into the measuring tube. After 
the absorption of the oxygen is complete, the reading of the volume of 
residual nitrogen is taken as described above. 

If several successive determinations are made over intervals up to 
several days, the oil is allowed to remain in the apparatus and the 
flask in position. After closing all the cocks, the flask can be removed 
without loss of oil, and replaced by a flask containing another sample ; 
the work is then continued as described. 

If after a determination the measuring tube is very greasy, it is 
cleaned with a small roll of blotting paper after lowering the oil by 
sucking at O and closing M. If the determinations follow one another 
immediately, the flask is immersed in cold water before removal, so that 
it is cooled down for the next determination. The water in G is also 
syphoned off and replaced, if it has become appreciably warm. 

The readings of the measuring tube can be checked by calibrating it 
against an accurate tube of the same diameter, by running successive 
portions of the oil into the latter from L and noting the corresponding 
volumes in the measuring tube E, the apparatus haying been first filled 
as described abov£. 

It is to be noted that the gases are not absolutely insoluble in the 
oil used as the confining liquid. If ordinary burning-petroleum, 
saturated with air, is used, rather too little oxygen is found in the case 
of gases rich in the latter, and rather too much with gases poor in 
oxygen. This error is in most cases unimportant, but high-boiling 
petroleum oil of sp. gr. 0*87 is preferable, although considerable foam is 
caused by its use. This oil dissolves oxygen so slightly and so slowly 
that no perceptible errqr is caused under the conditions of the 
determination. • 

w <9 

The Adeney apparatus described on p. 780 is very suitable foj ■» 
investigating the changes in composition of the dissolved gases, due to 
fermentation of the organic matter, in mixtures of sewage and water, 

13. Organic Carbon. 

‘The amount of potassium permanganate necessary for oxidation is 
no exact -measure of the amount of organic matter present in water. 
Not only do the different organic compounds which may be pressnt 
need varying amounts of oxygen for oxidation, but in addition inorganic 
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compounds, such as ferrous salts, nitrites, and sulphur compounds? which 
occur fairly often in effluents, absorb part of the oxygen of the per- , 
manganate. In order to establish a trustworthy method for the 
estimation of organic carbon, J. Konig 1 has worked out the following 
method devised by P. Degener,- which is based on the conversion of 
all the carbon of the organic compounds, after removal of pre-Jormed 
carbon dioxide, into carbon dioxide, by oxidising agents ; the carbon 
dioxide thus formed is absorbed by alkali and weighed. 

A. Organic Carbon in the Filtered Water . — Five hundred c,c. of the 
water are quickly filtered, if turbid, through a large Gooch porcelain or 
metallic crucible of about ioo c.c. capacity, fitted with asbestos, and the 



drained residue washed with distilled water. In the case of waters 
which do not filter well, the filtration may be assisted by precipitation 
with a solution of iron- or aluminium-alumf and disodium phosphate 
; „ without affecting* the resulta The filtrate is placed in the round- 
; ■ ' bottomed flask k, Fig. 195, together with 10 c.c. of dilute sulphuric acid, 

, : and the flask connected with the condenser, but not with the other parts 
, i of the apparatus. The water is then boiled for half an hour, with open 
; condenser and continuous condensation, until all pre-formed carbon 
j \ C dioxide has been expelled. It is then allowed to cool and 3 g„ of 
potassium permanganate, 10 c.c. of a 20 per cent mercuric sulphate 
(I If kdlutfon, and a further 40 c.c. of dilute sulphuric acid added ; the flask is 

1 Z. Vniers. Nahr. *. Genussm., 1901, 4, 193. 

2 Z, Vir. dent. Zucher.nd,^ i$8a, 32, 59. ’ ■ ■ 
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then again attached to the condenser, arm the latter connected up with 
^ the absorption tubes as shown in the figure. The Peligot tube a is filled 
up to the bottom of the bulbs with about 20 c.c, of concentrated 
sulphuric acid ; tube b contains calcium chloride, c and soda-lime, and 
e half soda-lime and half calcium chloride. The flask k is closed with a 
double-bored rubber stopper, which carries a glass tube leading to the 
condenser, and a dropping-funnel t, provided with a soda-lime tube in. 
The condenser retains the bulk of the water-vapour which is formed, and 
the tubes a and b absorb the last traces ; the tube e prevents access of 
water-vapour and of carbon dioxide from the air. The tubes c and d 
serve to absorb the carbon dioxide formed by the oxidation, and are 
weighed before and after the experiment. % Strong potassium hydroxide 
solution may also be used to absorb the carbon dioxide, but it has the 
disadvantage that loss by spirting may occur should the liquid in the 
flask bump, which is often the case during the oxidation of suspended 
matter. After connecting up the apparatus, the flask k is warmed with 
a small flame in such a manner that bubbles of gas are slowly and 
uniformly evolved. When after boiling, for some time, the evolution of 
gas ceases and the liquid in the tube a begins to suck back, the flame 
is removed for an instant from the flask k y an aspirator connected to e y 
the tap of the dropping-funnel t opened, and air drawn slowly through the 
apparatus until all the carbon dioxide has been removed ; this takes 
about half an hour. Whilst, air is being drawn through the apparatus, 
the contents of the flask k may be kept gently boiling by means of a 
small flame, in oKler to assist the expulsion of the qarl^on dioxide from 
the flask and coiitienser, care being taken that the condensation is 
efficient. The tubes c and which are provided with glass stopcocks, are 
removed at the end of the determination, closed, placed aside for half an 
hour, opened momentarily, closed, and weighed. ♦ 

Volatile organic compounds behave similarly to carbon dioxide, and 
are not condensed with the water- vapour ; should they be present, 
therefore, too little organic carbon would be found. In such cases the pre- 
fowned carbon dioxide and the organic carbon are determined together, 
by the initial addition of* sulphuric acid, permanganate and mercuric 
sulphate. The pre-formed carbon dioxide is then d^teynined separately 
in an equal volume of water and the organic carbon found by differ-* 
ence. 

B. Organic Carbon in the Suspended Matter. The residue left on 
the filter from the filtration of the sample is treated together with the 
asbestos filter, in the flask k> Fig. 195, which in this case is of about 250 
c.c. ‘capacity, with 10 cx. of 20 per cent, mercuric sulphate solution, and 
5 g. of chromic acid or 10 c:c. of a 50 per cent, chromic acid solution, and 
the flask connected with the condenser and the absorption tubes ; 50 etc. 
of concentrated sulphuric acid are then added through the dropping-funnel^ 
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t, a good flow of water being ilieanwhile maintained in the condenser, 
and the flask warmed, at first with a very small, and finally with a large/- 
flame, until no more gas passes through the Peligot tube. An aspirator 
is then attached, a slow current of air drawn through, and the determina- 
tion continued as described under A. 

Should the suspended matter contain calcium or magnesium 
carbonate, it must be boiled with dilute sulphuric acid before adding the 
chromic acid. o 

14. Carbonic Acid. 

The determination of pre-formed carbon dioxide may be carried out 
according to J. Konig’s method as described under 14. In this case, the 
flask k, Fig. 195, is connected ^through the condenser with the absorption 
tubes from the start, and the tubes c and d are weighed before and after 
the decomposition with sulphuric acid only. 

The qualitative detection and quantitative estimation of carbon 
dioxide, and also of free and half-combined carbon dioxide, are carried 
out as described under “ Drinking Water and Water Supplies,” p. 7C2. 

15. Detection of Excreta. 

Animal excreta and products of animal and vegetable decay 
always contain small quantities of phenol, cresol, skatole, indole, and 
other compounds, which give intensely yellow coloured compounds 
with diazo-compounds, such as diazo-benzene sulphonic acid. P. Griess 
has based the following method for detecting the above-mentioned 
substances on this_ reaction : 100 c.c. of the water -are treated in a 
cylinder of colourless glass with a little sodium hydroxide solution 
and a few drops of a freshly prepared solution of diazo-benzene 
sulphonic acid ; if animal or vegetable products of excretion or decay 
are present, a yellow coloration appears within five minutes. For 
comparison, 100 c.c. of distilled water are similarly treated. Human 
urine is said to give a distinct yellow coloration at a dilution of 1 in 
5000, and horses’ urine at a dilution of I in 50,000, 

To detect urea, which is, however, only present in very fresh effluents, 

, ,100 c.c. of the liquid are boiled with a few drops of acetic acid, 

filtered, evaporated^ to dryness, extracted w ; th alcohol, the alcohol 
~ ^evaporated off, the residue dissolved in water, the solution evaporated 
1 -down to 3 c.c. and then acidified with nitric acid ; if urea is present twin- 
if : ; crystals of urea nitrate are formed on evaporation. 

; P . Dung particles may be detected in the sediment of a water by 
H ^microscopic examination. 

A; , ■ A simple test for recent fecal pollution is to warm a few c.c. of ‘the 
; liquid with an equal volume of strong sulphuric acid ; a pinkr coloration 
;ir>dhates skatole. 

vA*;-' " In bv far the greater number of cases, however, it is net possible to 



DETECTION OF EXCRETA 833 

directlv detect these products of excretin and decay, and pollution 
Jrom these sources can only be deduced indirectly from the presence of 
a large amount «of nitrogenous organic matter (or, as this is easily 
decomposed, of nitric acid), of sulphur or sulphates, and of carbon or 
carbonates As such refuse is also rich in chlorides, the chlorine 
content affords a further guide as to their presence Even if the water 
is found lo contain a large amount of any one of these substances this 
may be caused by the natural conditions ; but if these compounds are 
present simultaneously in large amount, it is safe to conclude that 
pollution has occurred, especially if they are not contained to the same 
extent in other waters from the same locality. 

16. Detection of Coal GaS Products. 

Contamination with coal gas products may occur through leakage 
from the mains. They are detected, according to C. Himly by mixing 
a large quantity of the water with chlorine water, exposing the mixture 
to sunlight, and removing the excess of ch tonne by agitation with 
mercuric oxide; if coal gas is present a strong smell of ethylene 
dichloride or of similar chlorinated hydrocarbons is observed. H. Vohl 
infers pollution by gas or tar water from the presence of ammonium 
sulphide or of ammonium carbonate, sulphate and thiosulphate, or from 
increased amounts of the corresponding calcium and magnesium, salts. 
Phenol should also be tested for; if present, a violet coloration is 
produced by ferric chloride, a* yellowish -white precipitate of tnbromo- 
phenol bromide by bromine, and rosolic acid is formed on heating with 
oxdic and sulphuric acids. It is also advisable to test for thio- 
cyanates with ferric chloride, as these are present in ammonia recovery 
liquor, which is often discharged into the sew 

17 Tests for Putrescibility : Fermentation Experiments on 
'■ Effluents. 

T . view that a wa ter which keeps clear for five or more days 

The view that . for distribution does not always 

without undergoing pu ner f ec tly clear water may be prepared by 
hold good. For ms ance, P wh - ch ma y be kept for a long time in 
the addition of an excess . bacteria m£kii?g their appear- 

well-closed If the same liquid is kept 

ance, as free lime hinders ^dually neutralised by carbon dioxide, 
in open vessels the free lime is gradually ^ ose the soluble 

and putrefactive bacteria the PP ^ sme u of putrefaction. If, 
organic matter, but wi ou P a j ar g e amount of free lime flows 

however, a similar effluen con d . g nQt im oba y e and in 

into a slewing river, the > ° duced> especially in wvq> 

this case unpleasant smells may ue p t> y 

weather. * 3 g m 
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Although, therefore, tests! on the putrescibility of effluenis have 
usually little practical bearing, they sometimes allow of conclusions as to^r 
the greater or lesser capability of decay of the contained organic matter, 
and consequently in regard to the degree of harmfulness of the 
effluent. * 

The following methods are adopted in testing the putrescibility of 
water : — 

(a) Two bottles, each containing J to I ljtre of the water, are allowed 
to stand uncovered. 

(b) Two bottles, containing the same quantities as in a , are closed 
with sterilised cotton-wool. 

(c) Two bottles, also containing the same quantities, are kept well- 
stoppered. 

One of each of these pairs of bottles is kept at a low temperature, 
o° to io°, and the other at io° to 20°. 

If the water contains free lime, a further pair of bottles is filled 
with the sample, in which the lime has been previously neutralised 
with carbon dioxide, and is then treated in the same manner as the 
others. 

If it is necessary to dilute the water, this is done v/ith distilled 
water which has been boiled for some time and then cooled, the vessel 
being meanwhile closed with a plug of cotton-wool. 

If the effluent contains no putrefactive bacteria, a further series of 
bottles are equally inoculated with any liquid which is in a state* of 
putrefactive fermentation. 

The separafe samples are then examined after«a fixed time, micro- 
scopically, bacteriologically, and also chemically, for ammonia, nitrous 
acid, hydrogen sulphide, oxygen-absorbing power with permanganate, 
total nitrogen, colour, smell, etc. 

The incubator test described on p. 816 may also be employed, or a 
mixture of one volume of the sample with say nine volumes of tap- 
water is submitted to incubation in a completely filled and closed 
bottle for several days, and the loss of oxygen noted. (Cf also Adei^py’s 
experiments, p. 786.} 


MICROSCOPIC AND BACTERIOLOGICAL EXAMINATION 

The microscopic and bacteriological examination of effluents is 
essentially the same as that of drinking water. ( Cf p. 789.) The 
occurrence of Beggiatoa and of Leptomitus demand special attention in 
the case of effluents containing more or less albuminoid matter, such 
as 4;hose of breweries, sugar-, starch-, and paper-factories, etc, Beggiatoa 
occurs under the inflow of effluents into brooks and divers In thick 
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slimy tjeds which cover stones, wood, an<| other materials in the water ; 
*^they are composed of countless, fine, non-branching threads which, in 
the riper stages Qf development, contain varying quantities of efnbedded, 
sulphur-coloured grains. Alcoholic solutions of aniline dyestuffs, 
sodium sulphite, etc., show up the structure of thg threads, which are 
articulated into long and short rods and, in older threads, into discs 
and coicae. The fungus Leptonntus lacteus covers the bed of the 
stream with a greyish-white slime; it differs from Beggiatoa by the 
threads showing both branches and constrictions. 


.CRITERIA AS TO THE CONTAMINATION DUE TO 
EFFLUENTS AND THEIR INJURIOUS EFFECTS 

In Examining the contamination of a stream due to the effluents 
from a works or factory, the sample must be collected at the point where 
a possible injurious effect is suspected, as otherwise, in consequence of 
self-purification, the water may subsequently lose its specific deleterious 
character. The use for which the water in question is destined must 
also be borne in mind, because the injurious effects of the constituents of 
effluents act harmfully in very various ways according as to whether the 
water is employed for fish-culture, drinking-supply for cattle, industrial 
purposes, agricultural purposes (for soil and vegetation), etc. ; accord- 
ingly a water which is injurious for one purpose may be quite harmless 
for another. 

i. Effects on Fish-culture. * • 

The fact that fish have died in a stream polluted by an effluent 
cannot in itself be considered as a proof of the injurious character of 
the effluent in question, as observations of extensive illness or mortality 
amongst fish are on record which were due to natural diseases and not 
to effluent pollution. The following methods are available for deter- 
mining the injurious effect of an effluent or of the water of a stream 
contaminated thereby. 

- A. By Examination of the Fauna and Flora of the Contaminated 
Water. Natural waters in Which fish are to live must contain a sufficient 
quantity of animals ana plants for their food. # According to the 
degree and character of the contamination, the animal and vegetable 
life of the water may either be totally destroyed, or its development 
hindered, or it may be changed in character. Comparison with neigh- 
bouring parts of the same waters, of as similar a character as possible 
butmot liable to contamination from the same source, may considerably 
simplify tfye investigation in this respect. More specific inquiries on 
this aspect of the pollution necessitate an expert zoological and botaijac^l 
examination. # 
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B. By Examination of the Msh . When the water is contaminated 

by either copper, zinc, lead, iron, arsenic, or dyestuffs, etc., an examina- ^ 
tion of the fish may prove helpful. Fish sent for examination should 
be wrapped singly in parchment paper and packed in ice and straw. 
Either the whole fi$h, or the flesh and the intestines separately, are 
tested for the suspected injurious substances by the ordinary toxico- 
logical methods. „ 

C. By Examination of the Water and by Experiments on its injurious 
Effect on Fish . The examination of the water is especially necessary 
when several effluents of varying character participate in the contamina- 
tion, or when the constituents of the effluent alter on standing. 
Effluents which contain large amounts of organic matter, such as 
town effluents and effluents containing faeces, may be quite harmless 
to fish when fresh, and in fact some fish often frequent, by preference, the 
places where such effluents enter the stream ; when, however, the 
organic matter of such effluents putrefies, the water may become injurious 
to fish in consequence of deficiency of oxygen, or of the formation of 
hydrogen sulphide, ammonia, etc. The limiting figures which have 
been found by experiment for the individual injurious constituents 
cannot, and should not, be considered as applicable in all cases, but 
only as giving a general idea. C. Weigelt 1 has called attention to the 
fact that not only are the various species of fish affected differently by 
any one harmful ingredient, but also that the effect varies with the 
same species when of different weight and age. The temperature has 
also an influence, the harmful effect of any ingredient usually rising 
and falling with* the same. In many cases, it is not possible to come to 
any final conclusion from the recorded results for the limiting amounts of 
the individual injurious constituents, and it is then necessary to make 
direct experiments, either with the contaminated water or with the 
contaminating substances. 

The following limiting quantities for various harmful substances 
were obtained by Haselhoff 2 as the result of direct experiments at the 
experimental station at Munster, The experiments were perforated 
with carp, tench, and goldfish; the figures ^always refer to I litre of 
water, and indicate, unless otherwise noted, the point at which the fish 
became ill or die 9 . 

1. Oxygen Content ; Fish thrive unharmed on 2*8 c.c., i.e . about \ of 
• the amount of oxygen usually present in flowing water. The effect of a 

deficiency of oxygen in putrefying water is associated with other 
changes, including the formation of the substances 2 to 5, which may 
have an injurious effect. • 

2. Hydrogen Sulphide : 8 to 12 mg. • * • 

** 1 Landw . Versuchsst , 28, 32 X ; Archtv /. 1885, 3, 39. 

2 T Tstlnv'h»i , *l, 1 -Qn* *%A bi£ . nn ,0, 
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3. Free Carbon Dioxide: 190 to 200 fig. 

4. Free Ammonia: 17 mg. for small, and 30 mg. for large fish. 

5. Ammonimn Carbonate: 170 to 180 mg. (NH 4 ) 2 C0 3 +2NH 4 *HC0 3 
= 36 to 38 mg. ammonia. 

6. Ammonium Chloride: 0-7 to 1*0 g. 4 

7. Ammonium Sulphate: 0-7 to i-o g. 

8. Sodium Chloride: 15 g. 

9. Sodium Carbonate : % g. * 

10. Calcium Chloride : 8 g. 

1 1. Magnesium Chloride : 7 to 8 g. 

12. Strontium Chloride : 145 to 172 mg. ; this limit can be raised to 
18 1 to 235 mg. if the quantity added to the water is increased 
gradually. 

I3 V Barium Chloride : In individual cases 20*3 mg. acted injuriously, 
whereas in others 64-3 to 500 mg. produced no effect ; fish seem to be 
very variously affected by barium chloride and to be able to accustom 
themselves to it to a certain degree. 

14. Zinc Sulphate: 31 mg. ZnO=no mg. ZnS0 4 . The fine, floc- 
culent zinc hydroxide which is separated exerts an additional injurious 
effect by settling on the gills and affecting respiration. 

15. Copper Sulphate: 4 mg. Cu0 = 8 mg. CuS0 4 ; smaller amounts 
may act injuriously in course of time. 

1 6. Ferrous and Ferric Sulphates : The injurious action of these salts 
varies with the amount of flocculent ferric hydroxide which separates ; 
the experiments showed an injurious effect with 40 to 50 mg. of ferrous 
sulphate. C. Weigelt observed no injurious effect with 50 mg. of ferrous 
sulphate, but found that 15 to 30 mg. of ferric sulphate was deleterious. 

17. Free Lime: 23 mg. CaO. ^ 

18. Free Sulphuric Acid : 35 to 50 mg. S0 3 . 

19. Sulphurous Acid: 20 to 30 mg. 

20. Free Hydrochloric Acid : 50 mg. 

21. Potassium Alum : 300 mg. K 2 A1 2 (S0 4 ) 4 + 24H 2 0. 
m 22 . Chrome Alum: 230 mg. K 2 Cr^(S0 4 ) 4 + 24H 2 0. 

A number of different dyestuffs were also investigated with regard to 
their deleterious action* o>n fish. 1 

2. Injurious Effect on Live Stock. 

As pure water should be demanded for cattle as for human beings, 
although cattle may be less susceptible to the injurious effects of 
impurities in the: water. In the case of milch cows in particular 
impurities # in the drinking-water may act injuriously, as the composition 
of the milk may be adversely affected ; abortion may be caused ir^ the 
# 1 Cf. Landw. Jahrb,^ 1901, 30, 583. 
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case of pregnant animals through pollution of the drinking-water with 
. putrid matter or with purgative salts such as chlorides, sulphates, or / 
nitrates, in considerable quantity ; horses may develop colic from the 
same causes, etc. 

Water contaminated by effluents containing poisonous substances 
such as lead, copper, zinc, arsenic, etc., may spoil herbage when 
meadows or fields are flooded, either* by mechanical adhesion of these 
impurities to the plants or by*absorption ; in either case the health of 
the stock consuming such fodder may be injuriously affected. Poisons 
of this character are detected in the faeces, and under certain circum- 
stances in the urine ; in the case of dead animals, in the remains of food 
in the stomach and intestines. 

3. Injurious Effect for Industrial Purposes. 

Any water which is turbid or which is strongly contaminated by 
sludge, dyestuffs, or mineral matter, must be rejected for industrial 
and technical purposes. 

In the case of feed water for boilers it is necessary to distinguish 
between substances which actually attack and destroy the boiler plates, 
and those which cause the formation of boiler-incrustation and thus 
hinder the conduction of heat. To the first category belong free acids, 
ammonium salts, magnesium chloride, much dissolved oxygen, humus 
substances, and grease (from machine oils) ; molasses have also been found 
to be injurious to # the boilers in sugar-factories. According to the 
investigations of Fischer, the formation of boiler-scate is to be specially 
attributed to the presence of calcium sulphate, calcium carbonate, and 
magnesium carbonate. This question is fully dealt with in the section 
on “Feed Water for Boilers and Water for other Technical Purposes; ” 
p. 799. 

Water for paper mills, dye-works, print-works, bleach-works, and 
glue-works, must be soft and especially free from iron. 

Sulphates, alkali carbonates, and especially nitrates, actively assist 
- ■ the formation of molasses, and waters containing these substances cannot 
therefore be used in sugar -works. • 

; > In all fermentation industries, especially breweries and distilleries, 
f/" perfectly pure, clear, and soft water is required. The water must, above 
\ , all things, be free from products of decay, and must contain as few micro- 
) t, , organisms as possible, as these cause subsidiary fermentations which 
■Ji! : may adversely affect the aroma and taste of the products. 

1 , - Such water must also be rejected for use in dairies, as vessels cleafied 
l^ ywith it would retain jnicro-organisms and injuriously affect the separa- 
i ; iiwrof curd ; also, butter which has been washed with such water would 
$■{4 < sgbn become rancid and bad. 
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„ 4- Injurious Effect <|n the Soil. 

An effluent, or a brook contaminated by an effluent, may affect the 
soil injuriously in three ways. If the water contains much suspended 
matter, such as iron oxide mud, particles of cinder, slag, or charcoal, 
organic fibres, etc., these substances may clog the soil, either by forming 
a thick layer on the surface and choking the normal vegetation, or by 
stopping up the pores in the soil, thereby causing it to become acid, and 
thus injuriously affecting the vegetation. # 

An effluent may also convey substances to the soil which are either 
directly injurious to plants, such as ammonium thiocyanate, arsenious 
acid, metallic oxides, etc., or which are converted by oxidation into 
injurious substances — for instance, sulphur compounds. 

Finally, free mineral acids, chlorides 5 f sodium, calcium and mag- 
nesium, and ferrous, copper, and zinc sulphates and nitrates, exert a 
solvent’ action on the constituents of the soil, when carried to meadows 
or fields by an effluent, so that after they have acted for some time the 
soil becomes steadily poorer in calcium, magnesium, and potassium, and, 
after a longer or shorter period, according to the original fertility, the 
crops become poorer. In consequence of this solvent action on 
nutrient constituents, the productiveness of the soil may at first be 
actually improved ; hence it is often concluded that such waters are not 
harmful, but both practical experience and scientific investigations have 
fully established the harmful effect of such effluents. In the case of 
the sulphates the corresponding metallic oxide remains behind in the 
soil and may be. absorbed by the plants. The chlorides, moreover, 
effect a closer juxtaposition of the soil particles* which makes the 
ground heavy and therefore less fertile. 

In determining whether a soil has suffered injury from effluents, it is 
therefore necessary, not only to estimate the amount of the injurious 
substance in the soil and in the vegetation growing on it, but also the 
contained calcium, magnesium, and potassium, and the degree of juxta- 
position of the soil particles, in comparison with those of a similar soil 
wl^ch has not been affected by the effluent. In certain cases the 
action of a certain type of effluent is indicated by the character of the 
vegetation; for instance, the occurrence of Arabis Halleri or Petraea is 
characteristic for soils which have been damaged* bf zinc compounds, 
and Atriplex hastata for those which have been spoilt by common 
salt. 

The sampling and examination of the soil is carried out as 
described in the section on “Soils,” p. 841. 

5 . Injurious Effect on Plants. 

The action of injurious effluents on plants cannot always be pipved 
by an examination of the plants themselves, as some injurious substances, 
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such as ammonium thiocyanate, very soon undergo change by 
vegetable metabolism. Other injurious substances, such as arsenious , 
oxide, are only absorbed in very minute amount, but a large number' 
especially metallic chlorides and sulphates, are absorbed by the plants in 
considerable quantities. 

6. Injurious Action on Ground- and Well-Waters.* 

If the composition of a ground- and well-water has been affected by 
an effluent soaking into the soil, the characteristic constituents of the 
effluent, or the products of their interaction with the constituents of the 
soil, should be capable of detection in the water. In cases of this 
character it is advisable to also collect samples of the ground-water 
along the line of communication between the source of contamination 
and the contaminated well, as the examination of such samples may be 
helpful in drawing conclusions with regard to any effect of the effluent 
on the well-water. 
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\y E. Haselhoff, Ph.D., Director of the Agricultural Experiment Station, and 

Lecturer at the University, Marburg. English translation revised by A. D. 

Hall, M.A., Director of the Rothamsted Experiment Station. 

• 

►OILS are divided into two main classes, mineral soils and peat or 
moor ” soils, according to their origin, quality, and agricultural treat- 
ment ; the first class is characterised by containing a predominant pro- 
ortion of mineral constituents, whilst soils of the second class consist 
mainly of organic matter. 

The two classes differ so widely in composition and in their 
roperties and behaviour that different methods must be employed 
mr their examination . 1 As an outcome of the view expressed by 
iebig, that plants derive their nourishment from the air and the soil, 
nd that they could only grow on a soil which contained the con- 
dtuents of their ash, it waj concluded that in order to examine the 
utility of a soil it was only necessary to determine chemically how 
luch it contained of the various constituents absorbed by plants ; as 
consequence special attention was devoted to soil analysis. It was 
Don found, however, that the importance of chemical analysis had been 
xaggerated, and that the fertility of a soil depended not only on the 
mount of plant food present, but also on other factors, especially the 
lechanical and physical condition of the soils, which have since become 
n important feature in their examination. At the same time, the 
lemical analysis of soil leads to valuable conclusions, more especially 
Hfen employed in conjunction with field experiments. 

The nutrient constituents of soils are present in very different states 
f solubility; hence the* analytical results depend, ve*y largely on the 
ature of the solvent which is used. A uniform method of procedure 
; therefore essential if the results of soil analyses are to be directly 
Dmparable with one another . 2 According to F. Wahnschaffe the 

1 The description of the methods employed in the examination of peat or “moor” soils 
foorboden) given in the German edition, Vol. I., pp. 905"9 0 8, has been omitted from the 
mslation, as agricultural soils <jf this character are rarely worked either in Great Britain or in 
,e British Colonies. 

2 The methods given in the German edition are based on those agreed to by the Uffioi?of 

gricultural Experimental Stations of the German Empire. ^ 
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following points should be considered in the examination of spils ; it 
is to be understood, however, that it is not always necessary to carry out 
all the methods of investigation involved. t 

1. The general Profile of the Soil , so far down as it is of any import- 
ance to vegetation, should be indicated, especially the thickness of the 
soil proper, and of the immediate and the final subsoil. 

2. Mechanical Analysis. All thre*e layers should, as far as jJossible, 
be subjected to mechanical analysis (the surface soil always, except in 
the case of peat or “moor” soil), as knowledge is thus gained with 
regard to the physical properties and degree of intermixture of the soil. 

3. Exa7nination of the Subsoil The determination of calcium 
carbonate and of clay is important 

4. Amelioration. If the layers of subsoil are to be used for purposes 
of amelioration they must be examined for constituents useful and 
harmful to vegetation ; the former comprise chiefly calcium car&onate 
and phosphoric acid, the latter ferrous sulphate, free sulphuric acid, 
and iron sulphide. 

5. Surface Soil. In all chemical and physical examinations of the 
surface soil, the fine earth (under 2 mm. diameter), dried at 105°, should 
be used, and all results expressed with regard to the same. 

6. Separation of the Constituents of the Soil. The quantities of 
calcium carbonate, clay, humus, and sand are determined in the fine earth 
of the surface soil, dried at 105°. 

7. Nitrogen . The determination of nitrogen is carried out in the 
surface soil only, except in the case of moorland soils. 

8. Nutrient * Constituents . The extract with boiling concentrated 
hydrochloric acid is to be used for the determination of the nutrient 
constituents. Of these, calcium, magnesium, potassium, phosphoric 
and sulphuric acids are the most important; silica, alumina, sodium 
carbonate and the oxides of iron, and manganese are only of secondary 
importance. 

9. Available Nutrient Constituents . For the determination of the 
“available” phosphoric acid and potash, a solution containing 1 jper 
cent of citric acid as proposed by B. Dyer 1 is almost universally 
employed. 2 In the United States the 'u^e of Nj 5 and Nj 200 

•hydrochloric acid h£s been extensively adopted. In Germany the 
potash is extracted with lime-water, and the phosphoric acid with 
- either citric or acetic acid. 

10. Knofi s Absorption Coefficient. This determination is only carried 
out with the surface soil. 

' - 11* Physical Examination . The most important.physical determina- 

tions are the water-capacity, which should if possible be made on the 
/ spot, the capillarity, and the evolution of heat on moistening. 

J* Chem, Soc ty 1894, 65 > H 5 * 8 Cf. Hall and Plymen, ibid. y 1902, 82, 1x7. 

. & , : - 
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I. Sampling 

% Provided that the nature of the soil is fairly uniform, samples are 
taken in 3, 5, 9, 12, or more different places, according to the area, at 
uniform distances from one another. The samples are obtained by 
vertical cuts of uniform depth, equal to that turned by a plough. If 
the subsoil is to be examined the* samples % must be taken down to a 
depth of 60 or 90 cm. The # samples are either examined separately, or, 
if an average value is required, they are carefully mixed, and a suitable 
quantity taken for analysis. 

Samples are conveniently taken either with a worm or with a 
cylindrical auger. 

In England it has been customary to take all soil samples down to 
a depth of 9 inches (22-8 cm.), unless the preliminary examination of 
the .soil profile shows a sharp change from soil to subsoil before that 
depth is reached. 

At Rothamsted, where the soil contains a large proportion of flint 
stones, a rectangular steel frame, 9 inches deep and 6 inches square, is 
employed to take samples. The frame is about half an inch thick in 
the metal and tapers off to a chisel edge below. The ground is raked 
smooth if necessary, the frame placed on it and driven down by means of 
a heavy wooden rammer until the upper edge is flush with the soil. 
The contents of the frame are^then carefully picked out and placed in a 
closed case of tinned iron for removal to the laboratory and weighing. 
To obtain a second depth of 9 inches, a wooden cove^r is then put on the 
frame and the surrounding soil removed down to the depth of 9 inches. 
The cover is then taken away, the frame driven into the soil as before, 
and the contents removed. These processes are repeated for as many 
depths as may be desired. 

The auger method of sampling fails if the ground contains many 
stones, and becomes practically impossible after continued dry weather. 
A convenient tool consists of a steel cylinder 2 inches in diameter and 
12 jpches long, with a vertical slot about three-quarters of an inch broad, 
the lower edge of the cylinder and the edges of the slot being 
sharpened. 1 • 

For a complete examination at least from 4 to § kilos of soil should 
be taken and dried, either in the air or in a drying oven, at 30° to 40°, 
care being taken to protect the sample from dust, etc. 

Notes should be taken on the following points in sampling : — 

A . The geological origin of the soil. 

8 . The depth of the surface soil, the condition of the subsoil 
immediately below it, aifd, as far as possible, the nature of the lower 
layers. It is also desirable to indicate whether the soil is derived Srom 
. 1 Cf. A. D, Hall, The Soil, p. 45- ' 
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the geological formation underlying it, in which case it may be described 
as a "sedentary” soil, or whether it is a "soil of transport” or “drift” 
soil. In ‘the latter case, if the thickness of the “drift*” be small, it is' 
necessary to know the nature of the underlying " solid ” formation, but 
when, as in many places in the Midlands and in the North of England, 
the drift is of glacial origin and is 50 feet or more in thickness, the 
“ solid ” geology is unimportant as fa*r as the soil is concerned. 

C. The climatic conditions*especially thg height above sea-level. 

D. The method of cultivation and the sequence of crops in previous 
years. 

E. The nature and quantity of manure used. 

F. The yield of the crops ^obtained in previous years, and, if possible, 
the average yields of the area in question when growing the more 
important crops. 

G. The practical valuation of the soil, its nature, fertility, etc. 

H. The depth of ground - water, the slope and aspect of the 
soil, etc. 

Larger stones and pebbles are separated from the air-dried soil by 
sieving, rinsed with water, and their mineralogical character, weight, 
and approximate size determined. 

II. Mechanical Examination 

The object of the mechanical analysis of soil is to determine 
quantitatively the relative amounts of the coaser and finer constituents. 
This knowledge is of importance for the following r<jasons. The finest 
material, or clay portion, of the soil is, from a chemical standpoint, the 
fertile element, as it contains all the nutrient substances in a concen- 
trated form and accessible to the roots of the plant. On the other hand, 
its physical character is unfavourable, as it is impermeable to water and, 
after drying, also to air ; further, it is capable of absorbing very large 
quantities of water, whereby its volume undergoes considerable change, 
either when water is taken up or given off. These characteristics of 
the finest particles, which are unfavourable to fertility, can be modified 
or completely neutralised by admixture witli tjje coarser material. 

In the mech&nidhl analysis of soil those portions of a coarseness 
greater than 2 to 3 mm. diameter, are determined by means of sieves of 
2 to 3 mm. mesh, the finer portions by elutriation. 

J. Kuhn 1 recommends the following method for the estimation. 
The sample, which should be as fresh as possible, is first broken up so 
that only stones remain behind, on subsequently passing the sample 
through a sieve of 5 mm. mesh. It is then "spread out uniformly in 
• suitable place, free from dust, until air-dry, weighed, and passed 

” - ' ' •' ' 1 Land - w . Versuchsst ., 1893, 42, 153. 
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through a 5 mm. sieve. The stones retraining in the sieve are freed 
from adherent earth by washing with water, weighed when air-dry, and 
?heir weight expressed as a percentage of the total soil. 

The soil which has passed through the 5 mm. sieve consists of 
coarser mineral fragments and of fine earth (<2 mgi.). Note should be 
taken whether the coarser portions consist of water-worn pebbles or of 
fragments of rock disintegrated 'in situ. .The various portions are 
further designated as follows : — * 


Size of Grain, 
Diameter in mm. 


Over 5 

Between 5 and 2 
‘ » 2 „ 1 

jj * jj 0.5 


Fine Earth < 


>> 

Below 


o*S „ o * 2 

0.2 


l^Elutriable portion 


DesigJiation. 

Stones. 

Gravel. 

Very coarse sand. 
Coarse sand. 

Medium sand. 

Fine sand. 

fVery fine sand, mineral 
\ dust, clay, etc. 


The elutriable portions must be examined microscopically for larger 
and smaller quartz particles, mica, clay particles, etc. 

For the analysis, 50 g. of the dust-free soil which has passed through 
the 5 mm. sieve are ta*ken if it is of fine texture, roo g. if it contains 
much coarser material, and gently boiled with 500 c.c. of water in a 
porcelain dish, with frequent stirring with a spatula, until all earth 
particles are thorpughly broken up. The whole is then passed through 
a 2 mm. sieve into^. Kuhn elutriating cylinder ; the residue remaining 
on the sieve is rinsed thoroughly above the cylinder and dried in the 
air. It is then separated by means of a 3 mm. sieve into coarse gravel 
(5 to 3 mm.) and fine gravel (3 to 2 mm.) and each part weighed 
separately. 

As no general agreement has been come to with regard to the 
definition of the term “ fine earth,” the size of grain of the fine earth used 
in an analysis should be stated. 

It has been agreed in this country 1 to reckon as fine earth for 
analysis, the material wlycli passes through a sieve with round holes of 
3 mm. diameter. * * 

At Rothamsted, however, a woven wire sieve with meshes of £ inch 
diameter (6*35 mm.) has always been used; this passes a little more 
than the 3 mm. round-holed sieve. 

The fine earth is further separated by elutriation. The forms of 
apparatus used for this purpose effect the separation of the various 
portions, either by means*of their different rates of fall in still water, or by 
means of an ascending stream of water ; the former method is adopted 
# 1 Cf. Analyst , 1900, 25, 281. * 
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in Kuhn’s apparatus, the latter in that devised by Schone, which has 
already been described in the section on “ Calcareous Cements,” p. 690. * 

Kuhn’s elutriating apparatus consists of a glass cylinder 30 cm. high' 
and of 8-5 cm. internal diameter ; the lower end is furnished with a 
side tube of 1-5 cm. diameter, and is closed with a rubber stopper which 
is fixed at a height of 5 cm. from the bottom of the cylinder. 

To carry out a determination, the' fine earth is placed in the cylinder, 
water added up to the mark^which is 2 cm. below the rim, and the 
whole thoroughly stirred up for one minute with a smooth wooden rod. 
The rod is then removed, drained into the cylinder, and the whole 
allowed to stand quietly for ten minutes. The stopper of the side tube 
is then taken out and the turbid water run off, a sample being collected 
in a test-tube. These operations are repeated until, after standing for 
ten minutes, no suspended particles can be observed above th„e side 
tube; care must be taken that the end of the stopper of the side tube is 
always placed flush with the inner wall of the cylinder. A test-tube 
sample is kept from each operation and the various portions are united 
in a beaker, filtered, the residue thoroughly mixed and ysed for the 
microscopic examination. 

The sand remaining in the elutriation cylinder is rinsed into a 
porcelain dish, dried on the water-bath, and allowed to stand in the air 
in a dust-free place for twenty-four hours, to attract hygroscopic 
moisture, after which it is weighed. It is then passed successively 
through 1 mm., 0-5 mm., and 0-25 mm. sieves, in order to obtain the 
weight of “ very ^coarse sand ” (2 to 1 mm.), “ coarse sand ” (1 to 0-5 mm.), 
“fine sand” (05 to 0-25 mm.), and “very fine sa»d” (<0-25 mm.). 
Any loss, on the original weight, caused through dusting whilst sieving, 
is reckoned as “ very fine sand.” The weights found are calculated to 
percentages on the pebble-free, air-dried soil, and the proportion of 
elutriable material taken by difference. 

The data thus obtained should always be accompanied by a micro- 
scopic examination, and the proportion of quartz particles to the finer 
constituents in the elutriable portion of the fine earth should alsg, be 
determined. 

The various methods of mechanical analysis of soils have been 
subjected to a critical examination by Osborne, 1 who obtained satis- 
factory agreement between a method similar to that of Kuhn, depending 
upon suspension for given intervals of time in beakers and the running- 
water method of Schone, as improved by Hilgard. 2 One difficulty 
common to all methods is the initial resolution of the soil into its 
ultimate particles either by boiling or by rubbing up with water. 

1 Connecticut Agricultural Experimental Station Reports , 1886 and 1887; cj. also, Wiley, 
Ptin&ples and Practice of Agricultural Analysis , 2nd ed., vol. i., p. 260. 

’ : ‘j 2 Amer,J. Soc t) 1873, 6, £88. < 



MECHANICAL EXAMINATION 


m 


Schlosing 1 introduced the plan of a preliminary treatment with weak 
% acid followed by ammonia in order to dissolve the humus, which acts as 
V cement and binds some of the finer particles into loose aggregates. 
This procedure has been justified by Hall, 2 and is now generally adopted 
by analysts in this country. 

The whole method is carried out as follows : — Two portions, one A, 
of i oo g., the other B, of io g., of the air-dri^d fine earth, are weighed 
out The smaller portion, J$, is placed in«a porcelain dish with ioo c.c. of 
N/ 5 hydrochloric acid and gently rubbed up with a soft pestle, made by 
fixing a rubber bung on the end of a glass rod. The soil is left in 
contact with the acid for an hour, and is then transferred to a filter and 
washed until free from acid, which state is indicated as soon as the 
filtrate begins to show any turbidity. Meanwhile, a beaker with a lip (9*5 
cm. high and 8 cm. diameter is a convenient size) is got ready by making 
two horizontal marks on the side, at 8- 5 and 7* 5 from the bottom respec- 
tively. The soil is washed into this beaker through a sieve made of No. 1 00 
brass wire-cloth, 100 meshes to the inch, until the residue on the sieve is 
clean. The # sieve and its contents are then dried, the material retained 
by the sieve, which is all > 0-2 mm., is brushed out into a tared capsule, 
dried in the steam-oven, and weighed. 

To the material in the beaker (particles < 0*2 mm.), 1 or 2 c.c. of 
strong ammonia are added, and the whole carefully rubbed up with the 
soft pestle. The beaker is then filled up to the 8-5 cm. mark, covered 
over to keep out dust, put aside, and allowed to stand undisturbed for 
twenty-four hours. After this interval the supernatant turbid liquid is 
poured off, a few c*c. of ammonia added as before, the rubbing with the 
soft pestle repeated, water added to the mark, and the whole again put 
aside for twenty-four hours. This process is repeated on successive 
days until the supernatant liquid remains practically clear for the 
twenty-four hours. The turbid liquid poured off contains all the 
particles below 0*002 mm. in diameter, reckoned as clay (or “ klay,” to 
distinguish it from the loosely applied common term). The various 
portions of “ klay” water may be all united, well shaken, measured, and 
an aliquot portion evaporated to dryness and weighed to obtain the 
weight of the “ klay ” fraction. It is perhaps more convenient to put 
aside a porcelain basin in which the “ klay ” watef is*evaporated each 
day, so that the whole of the “klay” is collected in one basin and 
can be dried in the ov$n and weighed. Water is then added to the 
sediment in the original beaker, from which the “ klay ” particles have 
been removed, up to the 7*5 cm. mark, the whole well stirred, allowed to 
stand for twelve and a half minutes, and the turbid liquid poured off as 
before, the#operation being repeated until nothing appreciable remains 
floating for twelve and a half minutes. The turbid liquid poured off 
1 Comptes 1874, 78, 1276. 2 J Ch$m» Soc. } 1904, 85, 950. 
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contains only particles > 0002, mm. but < o-oi mm. diameter. It may 
be either evaporated and the residue weighed, or put aside until the 
whole of "the sediment has deposited, the bulk of the liquid decanted * 
off, and the residue only washed into a capsule for evaporation and 
weighing in the dry gtate. 

Finally, the sediment still remaining in the beaker is again divided 
into two fractions by the same method, filling up to the 7-5 cm. mark, 
and using a time interval of senenty-five seconds only. By this means 
the 10 g. of soil are divided into a fraction arrested by the sieve, and 
fractions capable of remaining suspended in the beaker for twenty-four 
hours, twelve and a half minutes, seventy-five seconds, and less than 
seventy- five seconds respectively. 

Owing to the difficulty of drawing a sample weighing only 10 g. 
that shall have the coarser particles fairly distributed in it, the, other 
sample of the soil weighing 100 g. is treated with acid as described 
above. The soil is then thrown upon a tared filter paper, washed until 
free from acid, and the residue weighed to ascertain the loss by solution. 
It is then passed successively through two sieves, the first* with round 
holes 1 mm. in diameter, the second a woven wire sieve as described 
above. The fractions arrested by each sieve are weighed and taken 
to show the true percentages of particles > 1 mm. and between 1 mm. 
and o*2 mm. in diameter respectively. The proportions of the finer 
grades are re-calculated, if necessary, to allow for the somewhat erroneous 
proportion of material arrested by the sieve which will have been 
found in dealing with the 10 g. sample only. To complete the analysis, 
a determination of the moisture in a sample of the original soil is also 
needed. The data thus obtained are as follows : — 

Fine Gravel. \ 3 mm. to 1 mm. diameter. 

Coarse Sand y 1 mm. to 0-2 mm. „ 

Fine Sandy 0*2 mm. to o* 04 mm. „ 

Silty 0-04 mm. to 001 mm. „ 

Fine Silty 01 mm. to 0*002 mm. „ 

“ Klay? below 0-002 mm. „ 

Material soluble in dilute acid . ’ 

Hygroscopic Moisture. 

III. Physical Examination 

The physical examination of soils is rendered difficult by the fact 
that it is impossible to examine them in the laboratory with their 
various portions in the same relative order As they occur 0 in nature. 
Thia> very considerably depreciates the practical value of the results 
obtained, and on thi£ account the physical properties of- soils are but 


Separated by sieves. 

Separated by sedimenta- 
tion. 
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seldom, determined ; the following are the most important physical 
• methods of examination : — * 

* Determination of Capillary Attraction. — The capillary attraction 
or lifting power for water of soil is very closely connected with its 
mechanical composition ; the finer the constituents the larger is the 
number of capillary cavities, and consequently the greater the capillarity. 
The ferfility of soil is essentially dependent upon the amount of water 
held by capillary attraction^ whilst any excess of ground-soil water is 
disadvantageous to vegetation ; the latter ‘must therefore be removed by 
drainage. The capillary attraction is determined in glass tubes ioocm. 
long and of 2 cm. internal diameter, graduated in cm. ; the lower 
end of each tube is closed with a piece of muslin or fine linen, which is 
held in place by a rubber ring. The tulles are filled with air-dried 
fine earth, with gentle tapping, and are then placed vertically in a 
trough filled to a depth of 1 to 2 cm. with water ; the time which the 
water takes to reach heights of 20, 30, 40, 50, 60, and 70 cm. is deter- 
mined, and also the time in which the maximum height is reached. 
The water absorbed from the supply vessel must be continuously 
replaced. 

Determination of the Capacity for Water. — The capacity for 
water of a soil is the amount of water which it can hold in its pores. 
A cylinder of sheet zinc or glass of 4 cm. internal diameter and of 
exactly 200 c.c. capacity, the bottom of which is closed with fine nickel- 
wire gauze, is used for the determination. A moistened linen disc is 
placed on the gaqze and air-dried soil then introduced into the cylinder 
in small portions at a time, with gentle tapping on a sofCsurface, so that 
a firm and uniform mass of soil is obtained. The cylinder and soil are 
weighed and then placed in a trough of water so that the gauze bottom 
is 5 to 10 mm. below the surface. A bell-jar is placed over the 
cylinder to prevent access of air, and the water allowed to soak into 
the soil from below. After some time, varying with the nature of the 
soil, moisture will appear on the surface of the soil ; the cylinder is kept 
in the water until the increase in weight is approximately constant, 
when the whole is again weighed and the weight of absorbed water 
thus determined. # * 

An alternative and preferable method of determining the water 
capacity of soils has been devised by Hilgard. 1 

Determination of the Absorptive Power for Salts in Solution. — 
For this purpose solutions of the more important nutrient substances, 
such as ammonium chloride, potassium nitrate, calcium ^Titrate, 
magnesium sulphate, and acid calcium phosphate, containing or Urcr g- 
molecules per litre, are .most suitable. The absorptive power for a 

1 United States Department of Agriculture, Division of Chemistry, Bulletin, 38, 1S93 ; c_£alsp, 
A. D. Hall, The Sotf, pp. 64 and 76. • 
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complete nutrient solution is determined on a mixture madp up of 
A 75 ° solutions of potassium and calcium nitrates, magnesium sulphate, 
and acicT calcium phosphate. • » 

Air-dried soil which has been passed through a o-J mm. sieve is 
used for the determination. Fifty g. of the soil are allowed to stand 
with 200 c.c. of the solution to be examined, for forty-eight hours, in a 
tightly closed flask, at the ordinafy temperature ; the liquid* is 'then 
poured on to a pleated filter jjaper, and the. quantity of unabsorbed salt 
determined in the filtrate. 

The filtration method proposed by W. Pillitz and N. Zalomanofif i 
is more in accordance with natural conditions. The apparatus consists 
of two cylinders placed vertically one above the other ; the top of the 
lower cylinder and the bottom of the upper cylinder are each provided 
with a rubber stopper carrying a small glass tube, and the two tubes are 
connected by a piece of rubber tubing provided with a pinch-cock. 
The lower cylinder is graduated in c.c., and the opening of the connect- 
ing tube in the upper cylinder is closed with a disc of filter paper. A 
weighed quantity of the soil is placed in the upper cylinder, a measured 
volume of the solution added, the pinch-cock between the connecting 
tubes then opened, and a definite volume of the solution allowed to 
filter, drop by drop, through the soil. Both the liquid which has per- 
- cda ted and that remaining in the upper cylinder are stirrgd, and the 
quantity of dissolved salt remaining in both determined ; the absorptive 
power is thus found by difference. 

The term ‘ Coefficient of Absorption ” has been, suggested by M. 
Fesca to express the amount of the absorbed constituent in mg. per 
ioo g. of soil. 

According to Knop, 2 the absorptive capacity for ammonia is all 
that is required for the valuation of soil. F. Wahnschaffe has 
however, rightly pointed out that it would be wrong to form an 
opinion of a soil from one favourable characteristic alone, which might 
be entirely neutralised by other unfavourable properties. Knop 
determines the absorptive power as follows Fifty g. of the soil, whmfc has 
been passed through a ^ to J mm. sieve, is mixed with 5 g. of powdered 
chalky this addition of chalk is especially necessary in the case of soils 
containing little liThe/and serves to neutralise the hydrochloric acid 
liberated from ammonium chloride solution owing to the absorption of 
ammonia. The mixture of soil and chalk 13 digested for forty-eight 
ours, with frequent shaking, with roo c.c. of an ammonium chloride 
solution containing 1 g. of ammonium chloride = 0-2619 g- nitrogen per 
209 c.c. ; on decomposition in the azotometer this solution yields 209 
c.c. of nitrogen at o°- and 760 mm. pressure, so that i-> c.c. of the 

" ^ . 1 C f'^' Kiihn, Berichte d. landw . Instituts . Halle , 1880, 40. 

^ 2 Landw ? Versuchsst 17, 85. * 
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solution corresponds to i c.c. of nitrogen gas. After digestion, the 
mass is poured on to a dry filter paper and the nitrogen in 20 or 
40 c.c. of the filtrate determined with Knop’s azotometer (cf p. 125), and 
the quantity of nitrogen absorbed from the solution by 50 g. of soil 
found by difference. The amount of nitrogen absorbed by 100 g. of 
soil and^expressed in c.c. is called the “ absorption quantity/ 5 and serves 
as an expression for the absorptive *power. , 

R. Gans, in determining* absorptive power by Knop's method, uses 
fine earth which has passed through a 2 mm. sieve, partly because this 
is used as the material for all other investigations of soil, and also 
because the preparation of large quantities of fine earth under 0*5 mm. 
diameter is troublesome. He further regards the use of calcium 
carbonate as unnecessary, since no hydrochloric acid is liberated, and 
as inadmissible because it promotes the formation of zeolitic bodies from 
clay-like substances and of calcium salts of humic acid, the two classes 
of compounds which are mainly concerned in ammonia absorption. 

Evolution of Heat on Moistening. — According to A. Mits- 
cherlich, 1 all.the results of the mechanical and physical examination of 
soils can be expressed in terms of one magnitude by determining the 
evolution of heat on moistening with water ; Bunsen's ice calorimeter, as 
improved by Schuller ^and Wartha, is used for the estimation. This 
property is, according to Wilhelmy, dependent upon the size and shape 
of the surface, and also upon the specific adhesion constants of the 
individual earth particles. 

-Other physical properties, which are of importance in judging the 
fertility of soil, incfcide the evaporation capacity, the filtration capacity, 
the absorptive capacity for water vapour, and for oxygen, the permea- 
bility to air, the relation of soil to heat, etc. 2 

The difficulty in connection with all these physical investigations of 
the soil, is not in carrying out the processes, but in interpreting the 
results. It is only in the most general way that any relation can be made 
out between the texture of the soil and the physical constants thus 
detg^nined ; nor are any similar data for known soils available which 
might be compared with the results obtained by any of the methods 
described above. Thes^ methods, in fact, have been suggested on 
theoretical grounds alone, and the figures they yidd Save never been 
correlated with the behaviour of the soil in the field. 

; v 

IV. Chemical Examination 

For the chemical examination of soil a sample of fine earth is taken 
which has ieen dried in* the air, but not previously ignited, and then 

1 J.f Landw. y 1898, 46, 255 ; Landw . Jahrb., 1901, 30, 361. # * 

3 For further details, cf. Wiley, loc. cit pp. 93-1 81 . 
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passed through a 3 mm. sieve. The soil is then treated successively 
with hot, concentrated hydrochloric acid and with a x per cent solution 
of citric acid. * r 

Treatment with hot, concentrated Hydrochloric Acid.— Fifty g. 
of the unignited "fine earth, which has passed through the 3 mm. sieve, 
are placed in an Erlenmeyer flask of Jena glass, covered with 100 c.c. of 
concentrated hydrochloric acid, the r flask loosely stoppered wifh a bulb 
blown on a piece of glass tybing, and ggntly boiled for five to ten 
minutes. It is then heated on the water-bath for forty-eight hours, the 
contents diluted, filtered, and made up to a convenient bulk for the 
determination of the total potassium and phosphoric acid, and of iron, 
calcium, magnesium, sodium, and sulphuric acid if desired. 

Treatment with Citric Acid. — Two hundred g. of the air-dried 
fine earth, which has passed through the 3 mm. sieve, are placed in a 
Winchester quart bottle, and 20 g. of citric acid and 2 litres of water 
added. The whole is well shaken and allowed to stand, with 
occasional shakings, for a week. The “ available ” phosphoric acid 
and potash are determined in the solution obtained. 1 r By using a 
continuous end-over-end shaking machine the time of extraction may 
be reduced to one day. For the determination of the total potassium 
an aliquot portion of the solution is evaporated to dryness, ignited to 
get rid of organic matter, the residue taken up afresh with strong 
hydrochloric acid, filtered, again evaporated to dryness, and heated 
in an air-oven to iio ° to 120° for an hour to render any silica insoluble. 
The residue is taken up with dilute hydrochloric Acid, filtered, and 
evaporated on the water-bath with 25 c.c. of a solution of platinic chloride 
containing 5 g. of platinum per litre. When a crystalline magma has 
resulted from the evaporation the mass is transferred to a filter (most 
conveniently a small Gooch or Buchner filter), washed with alcohol i 5 ntil 
the excess of platinic chloride is removed, and then with a solution of 
ammonium chloride (1:5) which has been saturated with the double 
chloride of ammonium and platinum, to remove any traces of silica, 
calcium sulphate, etc., and finally again with alcohol. The double 
salt remaining on the filter is dissolved off with hot water, evaporated 
in a small tared basin, and weighed ; it contains 19-3 1 per cent, of K 2 0 . 
Or, the solution vrthy be reduced by heating with formic acid and a 
few drops of sulphuric acid, the platinum collected on a filter, ignited, 
and weighed. 

For the determination of phosphoric acid an aliquot portion of 
the solution is similarly evaporated, ignited, taken up with hydrochloric 
acid, again evaporated, and heated to 120° as described above. ''The 
residue is taken up with dilute hydrochloric acid, filtered into a beaker 
, (th* bulk should not exceed 100 c.c.), and about 5 g. of ammonium 
* Cf. B. Dyer,/. Chem. Sac ., 1894, 65. 115. 
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nitrate *and 5° c.c. of a solution of ammonium molybdate containing 
60 g. of molybdic acid per litre added. Yhe mixture is put aside in a 
warm place (not Exceeding 40°) for twenty-four hours and the precipitate 
filtered off. The precipitate may then be treated in one of the three 
following ways : — ’ 

(1) Dissolve the precipitate in ammonia and precipitate as magnesium 

ammonfum phosphate (p. 406). The quantify is usually too small to 
render this method desirably. * 

(2) Wash with ammonium nitrate solution, dissolve in ammonia 
into a tared porcelain dish, evaporate, and ignite gently over an 
Argand burner until no more fumes are evolved. The resulting 
residue contains 3794 per cent, of P 2 0 5 . 

(3) Wash with 3 per cent, solution of* sodium nitrate, and dissolve 
the contents of the filter into a beaker by means of a measured volume 
of N/2 or N/10 standard alkali; then add phenolphthalein and titrate 
back to neutrality with the corresponding standard acid. 1 One c.c. 
of normal alkali = 0*003082 g. P 2 0 5 . 

For the determination of the “ available ” constituents, two portions 
of 500 c.c., of the solution in 1 per cent, citric acid, are evaporated to 
dryness, ignited to get rid of organic matter, and treated as described. 
The accuracy of estimations of phosphoric acid and of potash in soils 
greatly depends on removing all traces of organic matter, and especially 
of silica, before precipitation. # 

In the method agreed to by the Union of Agricultural Experimental 
Stations in Germany for the chemical examination of soils, the sample 
is treated successively with the following reagents : — 

A . Water containing carbonic acid. 

B . Cold, concentrated hydrochloric acid. 

*C. Hot, concentrated hydrochloric acid. 

D. Concentrated sulphuric acid. 

E. Hydrofluoric acid. 

A. Treatment with Water containing Carbonic Acid. — One 
thoy^and five hundred g. of soil are well shaken up with 6000 c.c. of 
aqueous carbon dioxide solution, in a stoppered bottle. The carbon 
dioxide solution is prepared by saturating 1 500 c.c. of distilled water 
with carbon dioxide at the ordinary temperature arfd pressure, and 
diluting with 4500 c.c. of water. The mixture of the sample and 
carbon dioxide solution js kept for three days, with frequent shaking, 
then allowed to settle, and 4000 c.c. of the liquid poured off and filtered 
through a double filter paper, the funnel being covered during the 
filtration ; the filtered liquid represents two-thirds of the original quantity, 
i.e., 1000 gj*of the soil. An aliquot portion is evaporated to dryness in ' 
a platinum dish, dried at 125 0 , and weighed; the, total amount of 

1 Cf. United Sieves Department of Agriculture^ Division of Chemistry, Bulletin , 46, 1899, p. 13. 
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dissolved matter is thus found. To estimate the dissolved mineral 
matter the residue is gently ignited, with repeated treatment with 
ammonium. carbonate, and weighed ; this residue ma f be used for the' 
determination of the individual substances dissolved. 

B. Treatment .with cold, concentrated Hydrochloric Acid.— 
Seven hundred and fifty g. of soil are placed in a stoppered bottle 
with 1500 C.C. of 25 per cent, hydrochloric acid, and the mixture -kept 
for forty-eight hours at the ordinary temperature, with frequent shaking. 
The hydrochloric acid, must be free from arsenic, as otherwise incorrect 
values are obtained in the subsequent determination of phosphoric 
acid. If carbonates are present in the soil, hydrochloric acid of such 
strength must be taken, that^two parts by volume of 25 per cent, hydro- 
chloric acid remain, after decomposition, for every one part by weight of 
air-dry soil. J s 


One thousand c.c. of the liquid are then decanted and evaporated 
to dryness on the water-bath, with addition of a few c.c. of nitric acid 
to oxidise ferrous salts and organic matter. Silica is separated in the 
usual manner by repeatedly moistening the residue with .hydrochloric 
acid and drying at.ioo 0 to 105°. The residue is dissolved in dilute 
hydrochloric acid, diluted, without filtering from the precipitated silica 
to 1000 c.c., the solution filtered through a pleated filter paper, and three 
separate portions of the filtrate used for the determination of (1) iron 
aluminium, manganese, calcium, and magnesium ; (2) sulphuric acid and 
alkali ; and (3) phosphoric acid. 

The estimation of these constituents is then carried out in the 
ordinary way as follows Iron and aluminium are precipitated, together 
with any phosphoric acid, as basic acetates containing phosphates by 
means of sodium acetate, the precipitate dissolved in sulphuric acid and 
the solution. divided into two equal portions. In one portion the sum of 
the iron oxide, alumma, and phosphorus pentoxide is determined, and 
in the other half the iron is titrated with potassium permanganate 
solaton after reduction. The difference between these two detefmina- 
tions pvesthe alumina and phosphorus pentoxide, from which the alumina 

Manir d - af the S ? parate estiraation of the phosphoric acid. 
Manganese is conveniently separated as peroxide by the action of 

bromine on the filtrate from the precipitation with sodium acetate the 
; reauI t ln g manganese dioxide is dissolved in hydrochloric acid’ the 
solution diluted with water, ammonium carbonate added in excess and 
the precipitated manganese carbonate converted by ignition into Mn O 

: T he * Urate from -anganese ^io'xide is heaS^o 

- precipftated whh tmm ne ’ d ™ th ^monia, and the calcium 

wl ; v T h ammonmm oxala te, filtered "after standing for some 
W ignited and weighed as calcium oxide. The magnesium is 
estimated m the fixate, containing ammonium oxalate, by Adding 
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ammonia and sodium phosphate, filtering after standing for twelve 
hours, igniting the precipitate, and weighing as Mg 2 P 2 0 7 (cf. p. 406). 

The sulphuric acid is separated and weighed as barium sulphate 
after precipitation with barium chloride. The filtrate is warmed, treated 
with ammonia and ammonium carbonate, filtered, °the precipitate 
washed with hot water till free from chlorides, a*nd the filtrate and 
washing^ then evaporated to dryliess on the water-bath in a large 
platinum or glazed porcelain dish. The, dry ammonium salts are, in 
the latter case, transferred to a smaller platinum dish with a platinum 
spatula and carefully volatilised ; after cooling, the residue in the 
porcelain dish is rinsed into the platinum dish, treated with oxalic acid, 
evaporated on the water-bath, and carefully ignited. The oxalates are 
thus converted into carbonates, and any remaining magnesium, calcium, 
bariutn, manganese, aluminium, etc., can then be separated from the alkali 
metals. The ignited residue is treated with hot water, filtered, the 
filtrate acidified with hydrochloric acid, and evaporated to dryness in a 
platinum dish ; the residue is then gently ignited and the total alkali 
metals weighed as chlorides. These are then redissolved in water, 
filtered, the filtrate evaporated to dryness with platinum chloride 
treated with alcohol, the precipitate of potassium platinichloride 
collected on a tared filter paper, and weighed. The potassium chloride 
found, deducted from the weight of total alkali chlorides, gives the weight 
of sodium chloride. 

To determine phosphoric ^acid, the original solution is repeatedly 
evaporated to dryness with nitric acid, the residue finally dissolved in 
nitric acid, and tfee liquid precipitated with ammonihm molybdate. 
Phosphoric acid may also be quickly determined as follows, according 
to M. Marcker: 25 g. of soil are boiled for half an hour with 20 c.c. of 
furling nitric acid and 50 c.c. of concentrated sulphuric acid. After 
cooling, the solution is diluted to 500 c.c., of which 100 c.c. are used for the 
precipitation. This portion is made alkaline with ammonia, re-acidified 
slightly, and treated, after cooling, with 50 c.c. of Marcker’s citrate, 
solution and 25 c.c. of magnesia mixture ; it is then stirred mechanically 
for’Tialf an hour, and filtered after standing for from twenty-four to 
forty-eight hours. Th$ Citrate solution is prepared by dissolving 
1 100 g. of pure citric acid in 4000 g. of 24 per «cent. ammonia, and 
diluting with water to 10 litres. 

C. Treatment with # hot, concentrated Hydrochloric Acid. — One 

hundred and fifty g. of soil are heated to boiling, with frequent shaking, 
with 300 c.c. of concentrated pure hydrochloric acid of sp. gr. 1-15, then 
boiled for exactly one hour, diluted with water to a definite volume, and 
filtered. The filtrate is examined as described .under B. 

D. Treatment with concentrated Sulphuric Acid. — The re|idue 
from C. is dried in the air, weighed, and a portion extracted with 
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sulphuric acid. For this purpose it is stirred up with sulphuric„acid in 
a platinum dish to a thin paste?, the sulphuric acid volatilised on a sand- " 
bath or asbestos plate with a very small flame, and the operation 
repeated two or three times. The residue is evaporated to dryness 
with hydrochloric acid on the water-bath, heated for a short time in an 
air-oven, and then treated with water containing hydrochloric acid, and 
nitered. Aluminium, iron, calcium, 'magnesium, and the alkalf metals 
are determined in the filtrate as described under B. Silicic acid, sand 
and silicates remain in the residue; the silicic acid is removed by boil- 
ing with sodium carbonate solution, leaving quartz and silicates, which 
are weighed after drying and incinerating the filter paper; they are 

then finely ground in an agate mortar and part of the product used 
ior E. * 


, . E * treatment with Hydrofluoric Acid.— It is convenient to use 
this acid in aqueous solution. For the treatment, the above residue is 
moistened with water in a platinum dish and strong hydrofluoric acid 
then poured on to it ; the dish is covered and kept for two to three days, 
the contents being frequently stirred with a platinum spatula, until the 
whole mass has broken up to a paste. The hydrofluosilicic acid which 
has been formed is then expelled by evaporating on the water-bath to 
ryness, the residue moistened with concentrated sulphuric acid and 
the latter volatilised by heating. The residue is then boiled with water 
containing hydrochloric acid ; if it does not dissolve completely it is 
filtered and the residue again treated with hydrofluoric acid. Alu- 
minium, calcium, magnesium, potassium, and sodium q,re determined in 
the united filtrates according to the methods described above 

In place of hydrofluoric acid it is more convenient to use ammonium 
fluoride which can be obtained in a pure state. The finely ground 
material obtained as above, or the original soil ground in an agate moifar, 
is weighed into a platinum crucible and covered with solid ammonium 
fluoride. The mixture is well stirred with a platinum spatula, a little 
more ammonium fluoride added, and any material adhering to the 
spatula washed off with a few drops of water. The lid is then placed on 
the crucible and the whole gently ignited over an Argand b^er 

£ ob rv?d S,n |ff he ^ ^ ^ “ hdu * 0r ^ -"more fumes' 

, are observed. Afte* cooling, the residue in the crucible is moistened 

Ted heat n§ Thl P maT •"! ^ at ^ gently ’ and then at a Iow 

with Strong h , [! na remamin g m the crucible is then extracted 

' except Tn fhe rare nC T ’ u * Sh ° uld be com P^tely soluble, 

the soil W Um SUlphate forms a constituent of 
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The Determination of the Individual Constituents 
# of Soil 

Hygroscopic Moisture. — Five to ten g. of the air-dried sample 
are heated in the air-bath to ioo° to 105°, until the weight is constant. 

Chemically combined Water or Loss on Ignition. — Apart from 
hygroscopic, mechanically absorbed moisture, soil contains chemically 
combined water in the fo^m of hydrates, gypsum, clay, etc., which is 
not removed by drying at. ioo°. This is estimated by gently igniting 
10 g. of the sample until all organic matter is destroyed, treating 
repeatedly with ammonium carbonate, and subsequently igniting until 
the weight is constant. By deducting from the total loss thus estimated 
the quantity of organic matter determined as described below and of 
hygrQscopic moisture, the quantity of chemically combined water is 
found. The result is, however, only approximately correct; as part of 
the carbon dioxide is lost on ignition if large quantities of alkali earth 
carbonates are present and any ferrous oxide is converted into ferric 
oxide. 

According to the decision of the Union of German Agricultural 
Experimental Stations, the loss on ignition is determined by drying 
the soil at 140°, igniting, moistening with ammonium carbonate solution, 
and again igniting gently. If, as is here assumed, the chemically com- 
bined water is volatilised at 140°, the loss on subsequent ignition in 
this case corresponds to the amount of organic matter present. This 
method cannot be used in the case of peat soils or of other soils which 
contain large quantities of humus substances, as these latter undergo 
considerable decomposition at 120°. 

The water chemically combined with the double silicates in the clay 
is*not expelled even at a low red heat, and it is difficult to obtain 
exactly concordant results for the loss on ignition, except by ignition 
at a high temperature over the blow-pipe. It is, on the whole, better, 
after determining the hygroscopic moisture, to ignite at a low tempera- 
ture below visible redness over an Argand burner for some hours, with 
occasional stirring, until the soil is at a bright red heat ; at this tem- 
perature neither the ca^bbnates nor the clays are decomposed, and the 
loss of weight more nearly represents the organic ^nafter only. 

Humus. — G. Loges’ method 1 for the estimation of humus sub- 
stances, which has beer; adopted by the Union of German Agricultural 
Experimental Stations, is as follows : — Five to ten g. of soil are evaporated 
to dryness in a Hoffmeister glass dish on the water-bath with dilute 
phosphoric acid, which is to be preferred to sulphurous acid. This 
treatment»serves to rertK)ve any pre-formed carbon dioxide. The dr/ 
soil, together with the glass dish, are ground up with powdered qppper 
. . 1 Landw . Versuchst ., 1883, 28, 229; 1891,^58, 311. 
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oxjde and placed in a combustion tube 60 cm. in length and open at 
both ends ; the layer of mixed 'earth and copper oxide is separated by 
a little asbestos from a succeeding layer of granulated dbpper oxide of' 
20 cm. length, which is, in turn, succeeded by a spiral of copper or silver 
gauze, io to 12 SmMong, to reduce nitrogen oxides and to retain 
chlorine. The combustion tube is connected with a calcium chloride 
tube and potash bulbs, anjl the combustion carried out in the usual 
manner; the increase in weigh* of the pot^h bulbs gives the weight 
of carbon dioxide formed by the combustion ®f the humus. 

If the pre-formed carbon dioxide of the soil is not first removed, it 
must be determined separately 'and deducted from the total carbon 
dioxide found. 

Warington and Peake 1 have proposed the following method for 
determining the carbon :-Ten g. of soil, first freed from carbonates by 
warming gently with a concentrated sulphurous acid solution, are 
evaporated to dryness on the water-bath, the residue transferred to a 
platinum boat, and combusted in a tube, the front part of which is filled 
with copper oxide, in a current of oxygen. 

The many methods which have been proposed of oxidising in the 
wet way, either with chromic acid or with sulphuric acid and potassium 
permanganate, all give low results, and are therefore not applicable to 
the analysis of soil. According to experiments of G. Loges, only from 
64 to g6 per cent, of the total carbon is obtained in this way ; 
Warington and Peake found from 72 to 83 per cent, of the total 
carbon present by using chromic acid, and from 89. to 95 per cent, 
with permanganate. « 

The error in Warington’s and Peake’s method is due to the fact that 
some of the carbon compounds in the soil are only partially oxidised to 
acetic acid, etc. By passing the gases from the chromic acid oxidation 
through a short length (20 cm.) of combustion tube containing heated 
copper oxide and. then through a little silver sulphate solution before 
reaching, the calcium chloride and potash absorption tubes, results can 
be obtained which agree very closely with those obtained h v th e 
ordinary combustion process. 2 

The content of humus, free from wate» and nitrogen, can be 
calculated from the 'Weight of carbon dioxide found, on the basis of 
H. Wolff’s estimate of the percentage of carbon in humus as 58. The 
quantity of humus is therefore obtained by multiplying the carbon 
dioxide found by 0-4702, or the carbon by 1-724. 

The “soluble humus” is often determined as follows Forty g. of 
.the soil are first warmed with a little dilute hydrochloric acid to rembve 
carbonates and to break down humates ; the soil is then transferred to 

1 J. Chem . Soc.y 1880, 37, 617. 

2 Cf, Hall, filler, and Marmu,/, Chem, Soc., 1906, 89, 595* * 
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a filter, well washed, dried, brushed into a cylinder of about 250 c.c. 
capacity, and 200 c.c. of a solution Containing one part of strong 
ammonia in five parts of the solution added. The whole is well shaken at 
intervals during the day, and left for a day or two to settle. Fifty c.c. of 
the supernatant dark liquid are then pipetted off;' evaporated in a 
porcelain basin to dryness, and weighed ; the residue is then ignited and 
the wefght of the “soluble humus * obtained, from the difference in the 
two weighings. n 

Some idea of the nature of the humus substances may be gathered 
from the following considerations : — 

The ratio of carbon to nitrogen is a useful indication ; the nearer 
this is the better if an average amount of humus (3 to 4 per cent.) is 
present. 1 The ratio of organically combined nitrogen to carbon varies 
from j : 5 to 1 : 40. 

The degree of decomposition and decay of the humus is ascertained 
by a microscopical examination of the various products of elutriation 
and by their loss of weight on ignition. 

The reaction of the soil is observed by laying it, whilst fairly moist, 
on sensitive litmus paper. A temporary reddening of the paper, which 
disappears on drying, is due to carbon dioxide. If a permanent acid 
reaction is obtained, the amount of free acid may be approximately 
determined by boiling 50 g. of the soil with water, and titrating the 
mixture with dilute barium hydroxide solution until it is slightly alkaline. 

Knop 2 has proposed to determine the capacity of the soil for 
absorbing lime, which is almost entirely due to humus substances as a 
measure of the quantity present. For this purpose- 100 g. of soil are 
kept in contact with 200 c.c. of an ammoniacal calcium nitrate solution 
for twenty-four hours, with shaking, the solution filtered, and the lime 
determined in a portion of the filtrate. The ammoniacal calcium nitrate 
solution contains 1 g. CaO per 200 c.c. and an equivalent amount of 
ammonia. Hall regards this determination as quite valueless. 

Carbon Dioxide. — The combined carbon dioxide may be determined 
eitjj.gr by loss or by absorption, by the usual methods. 

* According to Immendorff 3 the results obtained in the case of humus 
soils containing small an&oftnts of alkali earth carbonates, are inaccurate 
because the humus substances form appreciable •quantities of carbon , 
dioxide, when heated with water or with dilute acids in presence of 
oxygen, or even in an atmosphere of hydrogen. He therefore recom- 
mends that heating should be dispensed with and the reaction carried 
out at the ordinary temperature ; the dolomitic material in soil is so 
finely divided that it is completely decomposed by continuing the 
action of cold hydrochloric acid for about threes hours. # 

1 Cf, Lawes and Gilbert,^ Chem. Soc., 1885, 47, 380; also, A. D. Hall, The Soil, p.^4. 

2 Land hv, Versy.chsst ., 8, 40. 3 Z. angew. Che fit., 1900, 13, 1177. 
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When the soil contains only small proportions of calcium carbonate, 
\T SS } P er cent > 5t if almost impossible to obtain accurate results by 
e or J nary gravimetric methods. A method deperrding upon the* 
measurement of the volume of carbon dioxide evolved on treatment of 
the soil with sulpfiuric acid at low pressures, and which can be used in 
such cases, has been Sevised by Hall and Russell. 1 The most accurate 
results for small quantities £re obtained as follows :-JFifty e. of the soil 
fnW aC J d small flask furbished with % stoppJ^Lfunnel and an 
inlet and exit tube. Air freed from carbon dioxide isISljL bv means 
of a pump, through the flask and into a small Reiset teg r** 
known volume of normal sodium hydroxide solution, mrK. Ipiroi 
sodium so as to be free from 'iron, alumina, silica, etc The soil is 
decomposed by hydrochloric acid, delivered through the stoppered 
funnel and the evolved carbon dioxide expelled by bringing the coptents 
of the flask to a gentle boil while the air current is passing; the 
current is continued until all the evolved gas has been swept forward. 
The carbon dioxide is absorbed in the Reiset tower and is determined 
by a double titration. Phenolphthalein is first added, and normal hydro- 
chloric acid run in little by little, with shaking, until the pink colour is 
ready to disappear. The final disappearance of the pink colour is care- 
fully brought about by the use of A r /io hydrochloric acid solution; 
the volume of acid used up to this stage need not be recorded, as this 
forms only the starting-point for the titration proper, when the carbon 
dioxide is all combined as bicarbonate. Methyl orange is then added, 
and the titration continued with an accurately prepared N/io hydro- 
chloric acid solution until a change of colour tekes place. The 
hydrochloric acid used in this latter estimation is alone taken into 
account, and is equivalent to the carbon dioxide set free from the state 
of bicarbonate. A blank titration must also be made of the sodiu'm 
hydroxide solution used for the absorption, and a correction made for 
any carbon dioxide contained. 2 


The carbon dioxide contained in the air occluded in the soil is an 
indication of the amount of organic matter present and of the extent 
,qf the processes of decomposition that have occurred. Its determina- 
tion hardly falls within the scope of the ordinary analysis of soils, but 
may be necessary in Che case of special investigations. To carry out the 
estimation a fairly large cylindrical hole is made in the soil, several 
gas- or lead-pipes placed in it, to the required depth, and the hole 
either allowed to fall together or filled in with the displaced soil. After 
:’ a few da T s th e ends of the tubes, which are allowed to project about 
2 5 cm ' above the surface of the soil, are connected with a wash-bottle 
containing concentrated' sulphuric acid, and then with a Pettenkofer’s 


1 /. Ckem, , Soc 1902, 81, 18. 

Cf. Brotfn and Escombe, Phil , 7 'rans . ,2?., 1900, 193, 223* * 
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absorption tube containing a measured volume of barium hydroxide 
solution of known strength. The air* is then aspirated through the 
'“apparatus, and^fter the absorption is completed the excess of barium 
hydroxide titrated back with oxalic acid, using rosolic acid as indicator. 
If the gravimetric determination of carbon dioxide is preferred, weighed 
potash bulbs, connected at each end with calcium chloride tubes, are used. 

Before starting the determination, about I Jitre of the air should first be 
aspirated through the pipes, and the absorption apparatus then attached. 

Total Nitrogen, — This is determined by Kjeldahl’s method, 
unless nitric acid is present, when Jodlbaur’s method (p. 817) must be 
used; the quantity of nitrates in cultivated soils is, however, so small 
that there is no necessity to adopt the latter modification. In either 
case, 1 to 2 g. of peaty or moorland soil, 2 to 5 g. of peaty sand soil, or 
5 to jo g. of ordinary arable soil, are used for the estimation ; the 
sample must be air-dry and finely divided. To prevent bumping during 
distillation the liquid is diluted after the decomposition with a little 
water, poured off from residual sand, the latter shaken up repeatedly 
with small quantities of water, and the ammonia distilled off from the 
united liquid and washings in the usual manner. 

Ammoniacal Nitrogen. — Only very small quantities of ammonia 
are usually present in soil. It is determined, according to E. Wolff, as 
follows : — One hundred g. of fine earth are mixed with 500 c.c. of water 
into whicfi 5 g. of freshly ignited magnesia have previously been stirred, 
and 200 c.c. distilled off at a moderate boil, preferably on a sand-bath, as 
the mixture doe^not boil satisfactorily over a naked flame ; the ammonia 
given off is absorbed by sulphuric acid of known strength. 

The following method may also be employed : — One hundred g. of fine 
earth are placed in a weighed flask of 1 to 2 litres capacity, and 50 c.c. of 
d#ute hydrochloric acid added. After all the carbon dioxide has been 
liberated, more dilute acid is added until, after shaking repeatedly, it is 
in decided excess. The liquid is then diluted to about 400 c.c. with 
water free from ammonia, mixed thoroughly, and the whole weighed. 
The soil is then allowed to settle, the clear, supernatant liquid carefully 
. syphoned off, and the contained ammonia estimated by distillation with 
ignited magnesia. Th§ freight of liquid removed is determined by 
' again weighing the flask and contents; to determine what proportion 
of the total extract has been taken, the undissolved residue is filtered off, 
washed, dried at 125 0 , weighed, and its weight deducted from that of the 
total contents of the flask. 

Nitric - Nitrogen. — In preparing soil for a determination of 
nitrates, it is necessary that the sample be dried quickly, by spreading 
it out in thin layers, as *oon as it comes from the field, and keeping it in 
an oven at a temperature of about 6o°. During air-drying a notable 
increase takes place in the amount of nitrates present. ^ 
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The determination is best carried out as follows From 300 jt o 500 
g. of the air-dried soil are packed on a large Buchner funnel, connected 
with a water-pump, and distilled water added until the soil is saturated.* 
The pump is then started and successive small additions of water are 
made until about *1 00 c.c. have drained through. This extract contains 
the whole of the nitfates and chlorides in the soil. The nitrates are 
conveniently determined by reduction with a zinc-copper couple, in a 
warm place for forty-eight hou^s, followed by* distillation with magnesia 
and estimation of the ammonia by Nessler’s Reagent. 1 

As an alternative method, 1000 g. of air-dried fine earth are mixed 
with so much water that the total quantity of water, including the 
moisture present in the soil, is 2000 c.c. The mixture is allowed to 
stand for forty-eight hours, wSh frequent shaking. The clear liquid is 
then poured through a filter, and 1000 c.c. of the filtrate evaporated^down 
to a small volume, with addition of a little sodium carbonate. If con- 
siderable quantities of soluble humus substances are present, they are 
precipitated by boiling the liquid with milk of lime, and the excess of 
lime separated, after filtration, by a current of carbon dioxide; the 
liquid is then filtered, and the nitric acid determined in the filtrate by 
the methods of either K. Ulsch, Schlosing, or Bottcher, etc. (cf. pp. 309 
and 822). 

Organic Nitrogen. — This is calculated by subtracting the 
ammoniacal nitrogen and the nitric-nitrogen from the total nitrogen 
found. 

Chlorine.— The chlorides are washed out of the soil by the treat- 
ment described tinder “ nitric-nitrogen” and are estimated by titration 
with Njioo silver nitrate solution, using potassium chromate as indicator. 

As an alternative method, 300 g. of air-dried fine earth are mixed 
with so much water that 900 c.c. are present altogether, inclusive of the 
moisture originally contained in the soil. The mixture is allowed to 
stand for forty-eight hours, with shaking, 450 c.c. of the liquid filtered 
ofif, evaporated down to about 200 c.c. with addition of a little sodium 
carbonate, again filtered, and the chlorine estimated, either volumetrically 
or gravimetrically, in the filtrate. ^ 

Sulphur. — Sulphur is fairly often presfer£ in soil, either in the 
form of metallic Sulphides or of organic compounds. The determination 
of sulphur, in other forms than as sulphates, is often of importance, as 
niany sulphur compounds, such as calcium r sulphide, are directly 
injurious to plants, and others, which are 'harmless in themselves, such 
as iron sulphide, are converted by oxidation into soluble, harmful sub- 
stances, such as ferrous sulphate. Moreover, the presence of such c<>m- 
'pounds indicates unfavourable physical conditions of the soil* 

TJp determine sulphur, 25 g. of air-dried fine earth are treated in a 
1 < 5 ^ Warington, J. Chem. Soc 1882, 41, 351 * 
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platinum dish with a concentrated solution of potassium nitrate and 
potassium hydroxide, and ignited. Aftor cooling, the mass is extracted 
’by boiling with.dilute hydrochloric acid, with addition of a little nitric 
acid, evaporated to dryness to separate silica, the residue extracted 
with dilute hydrochloric acid, and the resulting solution precipitated 
with barium chloride. By deducting, from the Amount of sulphuric 
acid found in this way, the amount* found in the hot hydrochloric acid 
extract of the original soil, the amount of sulphur present in other 
forms than as sulphates is obtained. 

M. Fleischer gives the following method for the estimation of 
sulphur, other than that present as soluble sulphates: — Twenty g. of 
fine earth, which has been extracted with water and dried, is ignited 
in a current of air in a combustion tube, 'by which means any sulphur 
compounds are decomposed, and the contained sulphur converted into 
sulphuric and sulphurous acids. The substance is placed loosely in 
the combustion tube, between two plugs of glass-wool ; one end of the 
tube is connected with a wash-bottle containing water, to control the 
amount of aspirated air, whilst the other end is bent over, drawn out 
a little, an<5 connected with a Peligot U-tube containing potassium 
hydroxide solution, free from sulphates. The Peligot tube is attached 
to a tube containing glass beads, moistened with potassium hydroxide 
solution, and this again to a glass tube, bent at right angles and pro- 
vided witR a bulb on the horizontal arm. Neutral litmus solution is 
placed in the bulb ; it should'not change colour during the estimation. 
An aspirator is attached to the end of the apparatus. The combustion 
tube is heated til| red-hot, starting from the backhand proceeding to 
the front, air being meanwhile aspirated continuously through the 
apparatus. The products of distillation, which condense in the front 
end of the combustion tube, must be driven into the absorption apparatus 
by careful heating. The potassium hydroxide solution is then treated 
with an excess of nitric acid and with bromine to oxidise any sulphurous 
acid, the excess of bromine expelled by boiling, and the sulphuric acid 
precipitated, as usual, with barium chloride. 

*R?the case of peat, or moorland soils, the combustion is best carried 
out in a current of oxyggn* 

According to the method proposed by F. Walurscftaffe, 5 to 10 g. of 
the soil, previously extracted with water, are heated in a sealed tube 
with 20 c.c. of water and 5 c.c. of bromine. The tube is gradually heated 
up to 70° in a water-bath, with frequent shaking, and finally to 75°. 
The contents are poured into a beaker, diluted with water, boiled until 
the. excess of bromine is removed, filtered, and the sulphuric acid 
precipitated in the filtrate with barium chloride. The method is in-* 
applicable if large quantities of gypsum are present, as in this ca^e the 
sulphates are not completely extracted by water. . 
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r Ferrous Iron.— The injurious effect of ferrous salts, especially 
if present in a soluble form, is well known; the lack of fertility of a * 
soil is often solely due to their presence. Unfortunately, the presence* 
of organic matter often renders their exact determination impossible. 
Their qualitative* detection is, however, often sufficient, especially if 
their solubility is ta^ken into account. For this purpose the soil is 
treated, in an atmosphere, of carbon dioxide, with various solvents, 
such as water, dilute acetic r acid, hot and cold hydrochloric acid, 
sulphuric acid, solutions of neutral tartrates, etc., and the solutions 
obtained tested qualitatively with potassium ferricyanide. 

To determine ferrous iron quantitatively, r 0 g. of the air-dried soil 
are placed in a 250 or 500 c.c. graduated flask, the air of the flask 
displaced by a current of carbon dioxide, 100 c.c. of dilute sulphuric 
acid (1 : 3) added, and the flask closed by means of a Bunsen .valve. 
The mixture is then digested on the water-bath for about two hours, 
with frequent shaking, allowed to cool, and filled up to the mark with 
boiled distilled water to which dilute sulphuric acid has been added, so 
that the mixture is very strongly acid. The contents are then well 
mixed, the closed flask allowed to stand until the -sediment has settled 
completely, and an aliquot part of the clear liquid removed, and titrated 
with Nj 10 potassium permanganate solution, the first redness which 
persists for some seconds, being taken as indicating the end of the 
reaction. The results obtained by this method are apt to be too high 
in the case of soils containing much humus, as the dissolved organic 
matter acts on cold^permanganate solution. 

Copper and Lead. — These metals are sometimes present in 
natural soils, and may also be introduced by refuse from works, or by 
manuring with street sweepings or with domestic refuse. They are 
determined by passing hydrogen sulphide into a warm hydrochloric 
acid extract of the soil ; if the presence of zinc is suspected, a greater 
excess of hydrochloric acid must be added, as otherwise zinc is also 
partially precipitated. According to the experiments of R. Grundmann, 

30 c.c. of hydrochloric acid of sp. gr. M are added to about 250 c.c. of 
the solution, and hydrogen sulphide passed in at about 70° until present 
in large excess; the liquid is filtered before r the excess of hydrogen 
sulphide has hatl time to escape or be decomposed, the precipitate 
washed with water containing hydrogen sulphide, dried, ignited, dissolved 
in aqua regia, the solution evaporated to drypess, treated with .water 
;*aand hydrochloric acid, and again precipitated with hydrogen sulphide. 

' The precipitate thus obtained, which is free from zinc, is again filtered, 

; washed, dissolved in nitric acid, the solution diluted with distilled water, 
®and filtered. The filtrate is treated with pu*e sulphuric acid in fair 
excess, evaporated till the sulphuric acid begins to volatilise, allowed 
- to cool, treated withr water, one-third of the total' volume of alcohol 
r-’ ; 
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added, ,and the lead sulphate filtered off. Should the residue not 
‘ contain sufficient free sulphuric acid, dilute sulphuric acid must be 
Sdded previously to diluting with water. The precipitate is washed 
successively with water containing sulphuric acid and with alcohol, 
dried, ignited in a porcelain crucible, and weighed as ldad sulphate. 

Copper is determined in the filtrate from thfe lead sulphate by 
boiling the liquid and adding potassium hydroxide solution ; the pre- 
cipitated copper hydroxide js filtered off*, washed with hot water, dried, 
ignited in a porcelain crucible, and weighed as copper oxide. 

Zinc. — The two filtrates from the hydrogen sulphide precipitates 
are united, the excess of hydrogen sulphide removed by boiling, and the 
zinc determined as follows: — Iron is first precipitated by sodium acetate, 
the solution filtered, and the zinc precipitated from the filtrate by 
hydrogen sulphide in warm solution. After standing for twelve hours 
in a warm place, the zinc sulphide is filtered off and washed with water 
containing hydrogen sulphide. To remove any possible traces of iron 
from the precipitate, it is dissolved in dilute hydrochloric acid, the 
solution boiled with a little potassium chlorate, and ammonia added in 
excess to precipitate the iron, The ferric hydroxide is removed by 
filtration, the filtrate acidified with acetic acid, hydrogen sulphide passed 
into the warm solution, and the whole allowed to stand for twelve hours. 
The zinc sulphide is then filtered off, washed as described above, again 
dissolved in hydrochloric acid, oxidised as described, and precipitated 
from the boiling hydrochloric acid solution as zinc carbonate by sodium 
carbonate, after previously nearly neutralising the solution with sodium 
hydroxide. The liquid is then boiled until all free carbon dioxide is 
expelled, as this holds zinc carbonate in solution, filtered at once, washed 
with hot water, dried, ignited in a platinum crucible, and weighed as 
ziffc oxide. 
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By Professor K. B. Lehmann, Principal of the Hygienic Institute, Wurzburg. 
English translation revised by Charles A. Keane, M.Sc., Ph.D. 


Oxygen, nitrogen, argon, and carbon dioxide are the chief con- 
stituents of fresh air, and the proportions in which they occur are 
remarkably constant. In addition, varying quantities of moisture, and 
traces of hydrogen peroxide, ozone, ammonia, and nitrous acid are also 
present, as well as minute proportions of hydrogen and of the recently 
discovered monatomic gases, helium, neon, krypton, and xenon. 

The air of towns is always polluted to a varying degree as the 
result of the combustion of fuel, respiration, and the decay of animal 
and vegetable matter. The proportions of the normal constituents is 
accordingly less constant, the traces of ozone and hydrogen" peroxide 
present in country air are absent, and typical gaseous and solid impurities 
occur. The gaseous impurities include a slight excess of carbon dioxide 
over that found'in Fresh air, sulphurous acid, hydrochloric acid, certain 
ill-defined organic compounds, and, in exceptional cases, hydrogen 
sulphide and other acid gases. The solid impurities consist of carbon 
and carbonaceous matter, smoke, and soot, the products of the incom- 
plete combustion of fuel in houses and in factories; dust or ddbris 
formed . from the attrition of both inorganic and organic material ; 
ammonium salts, the result of the decomposition of organic matter 
and living organic matter, germs or microbes. Liquid impurities are 
very rarely present, except in foggy weather ; the globules of wSter of 
which fog consists then collect the soluble impurities in an exceptionally 
concentrated form. „ " 


: 1 • ^ . e ^ lr °5 confined spaces such as dwellings, workshops, and 

■ ac t° ries ) is chiefly characterised by an excess of carbon dioxide above 
found in normal air, the result of respiratfon and of combustion ; 
^ .the determination of this excess is of great hygienic importance. In 
: mines >. underground railways and similar spaces, which usually 
v '•necessitate some system of artificial ventilation, the ait, generally 


i 1 * ?^ ions of the section “Air,” coDtributed by Prof. Erismann to the 

* : edition, halve been incorporated in this section. 


previous German 
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contain^ an excess of carbon dioxide above that of the surrounding 
atmosphere and a deficiency of oxygen ; sulphur dioxide, carbon 
monoxide, hydrogen sulphide, and methane are characteristic impurities. 

Apart from the pollution of the air in confined spaces by respiration 
and combustion, a considerable variety of gases aftd vapours may 
give rise to pollution, as the result of industrial processes carried out 
in workshops and factories, the estimation of which is of the utmost 
importance as a means of regulating o the hygienic conditions of 
specific industries. 

The analytical methods described in this section are accordingly 
grouped under the following headings : — 

I. The estimation of the normal co 7 istitue?its of air. 

II. The estimation of the impurities that may be present in the air of 
towns and in that of confined spaces. 

III. The estimation in air , of the impurities associated with specific 
industries. 

A summary of the effects of the various impurities that may be 
present in am is given at the end of the section, and an appendix is 
included, containing a description of Pontag’s investigations on Tobacco 
Smoke. 

I. — The Estimation of the Normal Constituents of Air 

i. Oxygen. 

Oxygen is detqjmined by absorption with either alkaiine pyrogallol, 
phosphorus, or sodium hydrosulphite, the carbon dioxide having been 
previously absorbed by sodium hydroxide. Full details of the methods 
employed and of the apparatus used are given in the section on 
“Technical Gas Analysis,” p. 189 ct seq. 

Apart from the ordinary methods of gas analysis, Chlopin 1 has 
devised a titration method for the estimation of the oxygen in air, 
based on L. W. Winkler’s method for the determination of dissolved 
oxygeTl in water. The reactions on which the method depends are 
described in the section on “ Drinking Water and Water Supplies,” p. 782. 

The determination is carried out in the apparatus shown in Fig. 1 96. 

. The bottle a, the capacity of which has been determined, together 
with the tube bdg , is placed in a vessel of water, 1 5 c.c. of a solution of 
manganous chloride introduced (40 g. MnCl 2 .4H 2 0+ 60 c.c. water), the 
taps opened, and the sample of air blown through the apparatus with 
a bellows. The temperature of the air is assumed to be the same as 
that of the # water; for v^ry accurate work a thermometer is fitted to 1 
the apparatus by means of a ground stopper. The burette c is then 

1 Arch.f Hygiene , 1900, 37, 323. . 
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attached to the upper end of the tube d , and filled with a solution of 
potassium iodide and sodium' hydroxide (30 g. KI 4- 32 g. NaOH 
in 100 c.c. of water), 15 c.c. of which are allowed to flow into the' 
bottle, without taking it out of the water in which it is immersed. The 
apparatus is shaken until the absorption is complete, which is recognised 
by the transition of the original blackish-brown colour of the contents 
to a yellowish-brown. Finally, concentrated hydrochloric acid i# poured 
into the bottle through the tube d ; this dissolves the precipitate and 



liberates iodine, which is titrated with Nj 10 sodium thiosulphate solution 
(24-8 g. per litre). Since the vapour tension of the manganous chloride 
solution at any temperature is obtained by multiplying the vapour 
tension of pure water by 0-857, the volume, of the gas mixture at 
0° and 760 mm. is found by the following formula : — 

V° = CV*-3°XB-*. 0.857) 

(i+a r ) 7 6o - „ 

. In this equation : — - 

y° = the volume of the dry gas mixture at o° and 760 mm. 
pressure (to be determined). 
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V t «= the volume of the gas mixture at the temperature t and baro* 
metric pressure B. • 

* 30 = the voltfme of the reagents introduced into the apparatus. 

^ = the tension of aqueous vapour at the temperature L 

The percentage of oxygen in the mixture of gases'under investiga- 
tion is calculated from the equation : — f 

_ °-5599 • 71 • 100 + 

Where 0-5 599 = the volume of oxygen in c.c. at o° and 760 mm. 
pressure, which corresponds to I c.c. of the Nj 10 solution of sodium 
thiosulphate, and ?i — the number of c.c. of sodium thiosulphate solution 
used in the titration of the iodine liberate^ 

The results obtained by Chlopin by this method agree closely with 
parallel determinations made by Bunsen’s eudiometric method. He 
found, as the mean of a series of experiments with the apparatus without 
a thermometer, 20-99 per cent, of oxygen, and in the apparatus with a 
thermometer, 20-91, whilst Bunsen’s method gave 20-88 per cent. The 
individual analyses did not deviate more than about 0-2 per cent, from 
the results obtained Sy Bunsen’s method, so that the error is negligible 
for most practical purposes. 

2. Nitrogen. 

Nitrogen is always determined by difference in the analysis of air, 
as in other branches of gas analysis, as no convenient method for its 
estimation is at present known. It is usually left as a residue after the 
removal, by absorption or combustion, of the other constituents ; this 
residue includes argon, the average proportion of which in fresh air is 
0-94 per cent by volume, and the minute traces of the other rare gases 
a»d of hydrogen present in air. 

3. Carbon Dioxide. 

The proportion of carbon dioxide in fresh air varies with the time of 
day, the season of the year, and atmospheric conditions. In summer, 
the°p£*centage varies from about 0-025 by day to 0-035 by night ; during 
the winter it increases to*from 0-030 to 0-032 during the day. The 
average for good country air may be taken as 0-02^5 p»r cent. 1 The air 
of towns contains from about 0-04 to 0-05 per cent, of carbon dioxide, 
which increases in foggy weather to 1 or even more parts per thousand ; 
Russell 2 found 0-14 per cent, in London air during a dense fog. 

In dwelling-houses and other confined spaces the content of carbon * 
dioxide may rise to several parts per thousand. 

1 Cf, Haldane, Journal of Hfeiene, 1902, 2, 421 ; Horace Brown and Escombe, Proc . Roy. 

Soc., 1905, 76, 1 18. # 

2 Nature , 1891, 45, II j St Bartholomew's Hospital Reports , vol.^cx. 
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Carbon dioxide is almost always estimated volumetrically, after 
absorption with alkali. The method most widely used is that originally 
devised by Pettenkofer, in which the gas is absorbed by baryta watef 
and the excess of the latter subsequently titrated back with oxalic acid ; 
several modifications of this process have since been introduced. More 
recently a number Of gas-volumetric methods have been proposed, in 
which the carbon dioxide^ is determined directly from the decrease in 
volume after absorption witlj, alkali, som£ of which possess distinct 
advantages, especially when it is necessary to make a series of deter- 
minations in situ. 

Pettenkofer’s Method. — The following solutions are required for the 
determination : — 

i. Oxalic Acid. — 2-8647 g. of pure crystallised oxalic acid are dis- 
solved in 1000 c.c. of water ; 1 c.c. of this solution is= 1 mg. CQ, 2 . Or 

1-4156 g. of oxalic acid are dissolved 
in 1000 c.c. of water; in this case 
1 c.c. is =0-25 c.c. C 0 2 at o° and 
760 mm. The latter solution is the 
more generally employed. If the 
content of carbon dioxide is con- 
siderably above the normal, a corre- 
spondingly stronger solution of oxalic 
acid should be used. 

2. Barium hydroxide solution . — 
About 4-5 g. of pure crystallised 
barium hydroxide<<Ba(OH) 2 + 8 H 2 0 ) 
are dissolved in a litre of water, 
and about 0-25 g. of barium chloride 
added, in order to remove any alkali 
hydroxide which might be present. 
The slightly turbid liquid thus obtained is allowed to settle in a bottle, 
provided with a guard tube containing soda lime, and with a syphon 
tube as shown in Fig. 197. 

The titre of the baryta water is determined by transferring 2% c.c. of 
the clear liquid to a small flask, and titrating with the oxalic acid 
solution, after adding two drops of a 1 per cent, alcoholic solution of 
rosolic acid or of phenolphthalein as indicator ; the 25 c.c. should 
require about 24 c.c. of the oxalic acid solution. 

_ The determination is carried out either in a large bottle or in a 
suitable absorption tube. The former method is used for estimating 
the amount of carbon dioxide in air at any one time, whilst the latter is 
* preferable if the mean .content of the gas irv a given space is to be 
determined. 

The bottles employed have a capacity of from 2 to 5 ^ litres ; 4 litres 
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is a useful average size. They are provided either with a rubber 
stopper or, preferably, with a cork soaked in paraffin ; it is advantageous 
to fit the stopper with two short glass tubes, terminating flush with the 
bottom of the cork or stopper, each of which is capped by a small piece 
of glass rod attached by rubber tubing. The capacity T)f the flask up to 
the bottom of the stopper, the position of which should be marked on 
the flask, is calibrated with water.* To collect the sample, the stopper 
is removed and the air to be examined introduced by a suitable bellows 
or aspirator, care being tal$en to thoroughly displace the air originally 
contained in the bottle (cf. pp. 191-2), and not to contaminate the 
sample by breathing into the bottle. The temperature and pressure at 
which the sample is collected are noted. One hundred c.c. of the barium 
hydroxide solution are then introduced iflto the bottle, by means of a 
pipette, either through one of the glass tubes or by slightly lifting the 
rubber stopper ; in the latter case the glass rod attached to the second 
tube is slightly withdrawn to allow the displaced air to escape. The 
pipette is then withdrawn, and the bottle again carefully closed. The 
introduction of the solution may be safely carried out a quarter of an 
hour after sampling *md in a different room if desired, provided that it 
is at approximately the same temperature as the place of sampling. 
The bottle is then gently rocked backwards and forwards, care being 
taken that none of the solution splashes on to the stopper ; the absorp- 
tion is complete in about half an hour. If several samples are under 
examination at the same time, it is convenient to shake each in turn for 
from two to three minutes at a time, so that each bottle gets from six 
to ten minutes 1 shaking during the half-hour. After the absorption the 
turbid liquid is quickly poured, at an open window, through a small 
funnel, into a stoppered bottle of a little over 100 c.c. capacity, which is 
then closed and allowed to stand for from one to two hours, to allow the 
barium carbonate to subside. Twenty-five c.c. of the clear liquid are 
then withdrawn, without disturbing the precipitate, and titrated as above 
with oxalic acid ; it is advisable to titrate a second portion as a check. * 

In calculating the result, the capacity of the bottle is corrected for 
temperature and pressure, after deducting the volume of air displaced 
by the 100 c.c. of bariunj hydroxide solution introduced. 

The absorption tube used in estimating ^a^bor? dioxide by this 
method is shown in Fig. 198. 

For the determination, it is supported in a slanting position and 
filled to about three-quarters of its capacity (150-200 c.c.) with the 
barium hydroxide solution. The air is drawn through by means of the 
aspirator A at such a speed that the bubbles pass through singly, and 
from 1 to 4 litres are passed through, according to the content of the ai* 
in carbon dioxide ; it is advisable to attach a second tube as a check on 
the absorption. When the absorption is completed, the aspirator is 
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"detached and the contents of the tubes transferred to a suitably flask. 
The solution is then titrated as described above. 

This'form of the method is especially suitable for examining the 
air in difficultly accessible places, as the sample can be taken by 
attaching a supply tube to the absorption tube; it is also useful for 
estimating the total ■carbon dioxide evolved during a certain interval of 
time by a combustion or fermentation process. « 

The accuracy of the Pettenkofer method for the estimation 
of carbon dioxide in air has been very .carefully investigated* by 
Letts and Blake, ^ Their results show that the chief source of error is 
due to the action of the barium hydroxide solution on the glass of the 
vessel in which the sample is collected. This effect is obviated by 
coating the inside of the bottle with a thin layer of paraffin wax ; they 
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also recommend coating the inside of the bottle containing the standard 
barium hydroxide solution similarly. The coating is easily made by 
pouring, melted paraffin wax into the previously warmed bottle, and 
then allowing the excess of wax to drain out; the capacity of the 
bottle must, of course, be determined after the coating of wax has been 
introduced. By adopting this precaution „and carrying out the 
titrations in a vacuum, the method is rendered extremely accurate; 
jith careful work the mean error should not exceed 0-04 parts of carbon 
dioxide per 10,000 by volume. Letts and Blake recommend Niio 
hydrochloric acid in place of oxalic acid for the determination. 

Symons and Stephens 2 use a mixture of potassium and sodium 
hydi oxides, containing some barium' chloride, for the absorption of -the 
'carbon dioxide and acetic acid as the standard acid. 

1 PnCeCdlnSS ° fiht DUbHn ******* i8 99 and 1900. 
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The use of an absorption tube instead of a bottle in the Pettenkofer 
method has been developed by Reiset, Spring, and especially by Horace 
# Brown and E&ombe 1 in connection with their investigations on the 
intake of carbon dioxide into a leaf or plant, from the air. The 
absorbing apparatus consists of a glass tube 50 cm. loflg, which is fixed 
vertically in a wide-mouthed glass vessel furnfshed with a second 
apertufe and tubulure. The bottom of tjie tube is closed with a 
platinum or silver plate, pierced with a large number of very small 
holfts, and two other similar plates are fixed at intervals in the tube. 
Sodium hydroxide is used in preference to barium hydroxide as the 
absorbing liquid ; it is placed in the lower glass vessel, and by attaching 
a pump to the upper part of the tube, and the air supply to be examined 
to the second tubulure of the glass vessel, the liquid is first drawn up 
into the vertical tube, and the air then follows through the perforated 
plates, which act as “ scrubbers.” The apparatus proved most efficient, 
and from IOO to 150 litres of air can be passed through per hour with 
perfect safety in regard to the complete removal of the contained 
carbon dioxide. With proper precautions the accuracy of the method 
is within 0*02 parts $f carbon dioxide per 10,000 of air. 

Gas-volumetric estimation of Carbon dioxide. — The gas- 
volumetric method for the estimation of carbon dioxide devised by 
Pettersson, 2 and subsequently modified by Pettersson and Palmquist, 3 
gives very accurate results, but it is somewhat complex and accordingly 
unsuited for the^technical examination of air. 

A far simpler^ and very efficient apparatus has more recently been 
devised by Haldane. 4 Other simplified absorptiometric methods have 
been described by Gerda-Troili and Pettersson, 5 Teich, 0 and von Bleier. 7 
• Haldane's apparatus is shown in Fig. 199. 

It consists of a measuring burette A, connected by a three-way tap 
B, to the absorption pipette C, and attached at the bottom to the 
pressure bulb D, which is suspended from the hook of the rack and 
pinion E. The absorption pipette is connected by a T-piece to the 
leveling bulb F, and to the tube G, which is provided with a three-way 
tap H, at the top ; the tapcommunicates through the connections shown 
with the control tube J. A and J are enclosed ir^ a rectangular water- 
jacket which is provided with a glass tube, through which air is blown 
for thoroughly mixing the contents. The measuring burette A has a 
capacity of about 20 c.c. ; the wide upper portion is ungraduated. The 

1 Proc \ Boy. Soc.y 1905, 76, 1 18. 8 Z, anal Ckem., 1886, 25, 467. 

\ Ber.y 1887, 20, 2129. 

4 Ventilation of Factories and Workshops . First Report of Departmental Committee. Blu^ 
Book [Cd. i?02], 1903, Appendix. 

0 Z.fiir Hygiene, 1897, 26, S 7 - 6 ArcLf Hygiene , 1893, 19, 38. * 

7 Z, fur Hygiene , 1898, 27, in. * 

» • 
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narrow lower portion, which is about ro cm. in length, is divided into 
about i oo divisions, each of fahich corresponds to part of the 
capacity of the burette ; the lowest division is marked o, and the r 
readings thus give parts per 10,000 directly. The tube of the absorption 
pipette C and the tube G are provided with levelling marks for 
adjusting the pressure. The whole apparatus is fitted in a portable 
case, the internal dimensions of which are 61 x 12x2^ inches, and 
weighs about 5 pounds when charged ready /or use. 

The pressure bulb D is filled with mercury, which is used as The 



Fig. 199, 

confining liquid ; the absorption pipette is changed with a io per cent, 
solution of potas3ium»or sodium hydroxide. In order to have a sharp 
index of the pressure under which the air is measured, the level of the 
solution in the narrow bore tube of the absorptjon pipette is taken as 
the index of pressure, instead of that of the mercury; the volume is 
adjusted to the level of the mark on this tube before and after the 
; absorption of^ the carbon dioxide by raising or lowering D. The 
Volume of air in the control tube J is adjusted before each determination 
by fust putting it into communication with the outside air by 
^momentarily opening- , the tap H, then connecting it , with G, and 
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adjusting the level of the solution to the mark by means of the bulb T? 
which slides easily through a loosely-fitting cork or clip. A similar ad- 
justment is made after the absorption, so that any change of volume 
due to an alteration in temperature or pressure is compensated. The 
water in the water-jacket must be thoroughly mftced before each 
adjustment. To obviate error due to variations in the moisture in the 
air, sufficient water is introduced into both the burette and the control 
tube to leave a little visible moisture inside ’each. 

<To make a determination, the air in the burette A is expelled by 
raising D and the sample of air for analysis drawn in, to near the zero 
mark of the burette, by lowering D ; B is then opened so as to put A 
into communication with C, the control tube adjusted as described, and 
the reading taken, after adjusting to the mark on the tube of C by 
raising or lowering D. The air is then driven over into C by 
raising the pressure bulb, and passed backwards and forwards two or 
three times; after finally passing back the air into the burette, the 
volume is adjusted as before and the reading taken. The whole 
estimation ^occupies about four minutes. The results may be relied 
upon to within 0*5 volumes per 10,000, after some experience with the 
apparatus. 

Approximate methods for the estimation of Carbon dioxide-— 

For the approximate* determination of carbon dioxide in air, in cases 
where an accuracy of 10 per cent, is sufficient, a 
minimetric method may be employed, i,e. : the 
quantity of air # may be determined which is 
necessary to saturate the reagent used for the 
absorption of the carbon dioxide. 

The most convenient method of this char- 
acter is that devised by Lunge and Zeckendorf. 1 
An Njio solution of sodium carbonate is pre- 
pared by dissolving 5*3 g. of the anhydrous 
carbonate or 14*3 g, of sodium carbonate crystals 
in 1 litre of water, and adding o*i g. of phenol- ; 
phthiftein to the solution; the solution keeps \ 
unaltered for months, • preserved in well- 
stoppered bottles. Two c.c, of the solution # * Fl0 ’ m 

are added to 100 c.c. of recently boiled water and •allowed to cool in a 
closed flask. The determination is carried out in the small bottle A 
(Fig. 200), of no c.c. capacity, which has a wide neck fitted with a 
rubber stopper containing two holes. One hole is provided with a short 
glass tube bent at right angles, and the other with a longer tube, 
reaching nearly to the bottom of the bottle and connected by means of 
rubber tubing with the bulb B, of 70 cc. capacity, and fitted with yalves 
# # 1 z, angew. Ckem, 1888, 1, 395 ; 1889, 2* 12. 
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which allow the air to pass through in one direction only. Tho bottle 
is first filled with the air under examination by compressing and 
relaxing the bulb several times in succession ; io c.cf. of the dilute* 
reagent are then quickly poured into the bottle and the contents of the 
bulb slowly driven through the liquid, which is shaken for one minute. 
Meanwhile the bulb refills with air ; a second portion of air is then blown 
through and the bottle agftin shaken for one minute, and this process 
repeated until the red colour o£ the indicate^ changes to a pale yellow. 
If the carbon dioxide content of the air under examination is consider- 
able, from 2 to 4 compressions of the bulb suffice to effect the change of 
colour, whilst with fresh air from 30 to 40 deliveries may be neces- 
sary. Lunge and Zeckendorf have constructed the following table, 
which gives the carbon dioxicTe content of the air from the number of 
compressions of the bulb, for a sodium carbonate solution of the 
strength given above (N/$oo sodium carbonate solution). 


No. of 

Compressions. 

Carbon dioxide 
content, in parts 
per thousand. 

No. of 

Compressions, 

Carbon dioxide 
content, in parts 
per thousand. 

2 

3*00 

15 

• 

0*74 

3 

2*50 

Id 

0*71 

4 

2*10 

17 

0*69 

5 

1*80 

18 

* 0*66 

6 

1*55 

19 

0*64 «* 

7 

1*35 

20 

0*62 

8 

1*15 

2f 

0*58 

9 

1*00 

24 

0*54 

10 

0*90 

26 

0;51 

11* * 

0*87 

28 

0*49 

12 

0*83 

30 

•0*48 

13 

0*80 

35 

0*42 

14 

0*77 

40 

0*38 


The method becomes very tedious when the air is pure, as even with 
0-5 parts of carbon dioxide per thousand the shaking must be continued 
for twenty-six minutes for a single estimation ; on the other hand, if the * 
proportion of carbon dioxide approaches from 1 to 3 parts per thousand, 
which may frequently occur in crowded rooms, the method is very 
suitable. With less pure air, Lehmann and Fujhs* found that a solution 
of sodium carboftate, twice as concentrated as that given above was 
more suitable and gave more accurate results. In using this stronger 
solution : — 

16 Compressions = i*2 per cent. 5 Compressions =3*0 per cent. 


= 2*0 „ 

4 

» 

^3.6 

»» 


= 2-2 „ 

3 


= 4*2 

n 



2 


=4.9 

•» 



fi* Wolpert 2 has also devised an apparatus depending upon the same 
^ \ -' l Z. angew. Chem, 189$, 12, 620. 2 Arch.f. Hygi&v, 27, 291, 
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principle, which offers the advantage that the test can be made secretly’ 
as the apparatus, which is shaped like a syringe, is only 20 cm. long and 
3 cm. in diameter. The total volume of air, however, that' can be 
examined is only 50 c.c., and only 2 c.c. of a very dilute sodium 
carbonate solution can be used for the absorption of th£ carbon dioxide. 
Wolpert made use of this apparatus in the examination of the air in 
clothing, the sample being taken by*piercing the sharp nozzle of the tube 
through the cloth. 

* 4.’ Aqueous Vapour. 

The quantity of aqueous vapour present in air is very variable, and 
is influenced by several factors, especially by the temperature. At any 
given temperature air is capable of taking up a definite amount of 
aqueous vapour per cubic metre ; this quantity, expressed in grams, is 
called* the maximum humidity. Between the temperatures of f and 
30° C., the maximum humidity is approximately the same as the 
temperature expressed in degrees centigrade ; also the tension of 
aqueous vapour expressed in mm. of mercury is almost identical with 
the maximu’m humility. 


Maximum Moisture Content in 1 cb.m, of Air in grams. 

Maximum Vapour Tension of Water in mm. of Mercury 
at differ eni Temperatures of the Air. 


Tempera- 

ture. 

Vapour 

Tension, 

Grams of 
* Water. 

• 

Tempera- 

ture. 

Vapour 

Tension, 

Grams of 
Water. 

Tempera- 

ture. 

Vapour 

•Tension. 

Grams of 
Water. 

-10° 

2*0 

2*1 

8° 

8*0 

8*1 

21° 

18*5 

18*2 

- 8 

2*4 

2*7 

9 

8*5 

8*8 

22 

19-7 

19*3 

-- « 

2*8 

3*2 

10 

9*1 

9*4 

23 

20*9 

20*4 

- 4 

8*8 

3*8 

11 

9*8 

10*0 

24 

22*2 

21*5 

- 2 

3*9 

4*4 

12 

10*4 

10*6 

25 

23*6 

22*9 

0 

4*6 

4*9 

13 

11*1 

11*8 

26 

25*0 

24*5 

1 

4*9 

5*2 

14 

11*9 

12*0 

27 

26*5 

25*6 

2 

5*8 

5*6 

15 

12*7 

12*8 

28 

28*1 

27*0 

3 

5*7 

6*0 

16 

18*5 

13*6 

29 

29*8 

28*6 

• * 

6*1 

6*4 

17 

14*4 

14*5 

80 

81*6 

30*1 

5^ 

6*5 

6*8 

18 . 

15*2 

15*1 

50 

83*4 

6 

7*0 

7*3 

W 

16*8 

10*2 

70 


199*3 

7 

7*5 

7*7 

a 20 

17*4 

17*2 

A 

• 



The term absolute humidity denotes the quantity of water, in grams, 
which is present in 1 cb'm. of air. The percentage ratio of the absolute 
humidity to the maximum value is called the relative humidity. The 
difference between the maximum and the absolute humidity is some- 
times called the deficit of saturation. „ 

An alternative method of stating the humidity is to express the 
vapour tension of the contained aqueous vapour in mm. of mercury ; 
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a distinction may be similarly drawn between maximum , absolute, and 
relative vapour tension, and difference of vapour tension. 

For tfie determination of the absolute humidity, a useful method is* 
to -pass measured volumes of air through two small flasks placed in 
series, and containing pumice which has been previously heated and then 
saturated with concentrated sulphuric acid, and to determine the increase 
in weight The flasks are provided with ground-glass stoppers of corks ; 
if cork is used, it should be covered with sealing-wax. For most pur- 
poses, a sufficiently accurate result can be obtained by simply passing 
the air through two flasks containing concentrated sulphuric acid. The 
increase of weight from a litre of air varies from 2 mg. to a maximum 
limit of 25 mg. 

Physical methods are employed more frequently than chemical 
methods for the determination of the amount of moisture. Of these the; , 
method based upon the difference between the readings of a dry- and 
wet-bulb thermometer (August’s Psychrometer\ is sufficiently accurate 
for all practical purposes. For this determination, two good mercury 
thermometers, graduated in tenths of degrees, and which must read 
together at all parts of the scale, are supported on -a stand. A layer of 
thin muslin is tied round the bulb of one of the thermometers, and is 
joined to a strip of muslin pleated together in the form of a wick, which 
dips into a small vessel of water. The apparatus is exposed for a time 
to the air under examination, the temperatures registered by the two 
thermometers read off, and the difference between the two readings 
noted. If t 8 be the temperature of the dry bulb, t h that^of the wet bulb, 
f t8 the maximurh humidity at the temperature of the ^ry bulb, as given 
in the above table (p. 877), and c a constant, which has the value 0*65 at 
temperatures above o° C. and 0-56 at temperatures below o°, the absolute 
humidity a is calculated from the formula : — ^ 


aB, Ar 


The values determined by August for the constant are somewhat too 
low for air, in a state of rest, in rooms ; it is better to assume c to be 
equal to 0-8 to 0-9, otherwise the values obtained for the absolute hitfhidity 
are too high. b m 

The hygromeCric tables prepared by Glaisher 1 can be advantageously 
used for calculating’ the absolute and relative humidity from the 
, readings of the two thermometers. 

■ An improved form of psychrometer, which is, however, only made 
l^use of in more accurate work, is obtained by suspending each of the 
£ thermometers by means of an eyelet with a pleated cord, so that J:he 
Instance from the thermometer bulbs to the point at which J:he cord is 

Biometrical Tables, by J. Glaisher, published by Taylor & Francis, Red Lion Court, 
f-^Fleet^reet, London, * 


f ; - * 
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fixed i§ exactly I metre. The bulb of the wet-bulb thermometer iS 
covered with a double layer of muslin. For the determination, the dry- 
bulb thermometer is first swung in a circle, so that each revolution takes 
exactly one second, and after ioo swings the temperature quickly 
observed. The same procedure is then repeated wkh the wet-bulb 
thermometer, the bulb having been first dipped into water. The 
thermometer scales are usually divided in fifths of a degree to facilitate 
reading from a distance. The vapour jDres*sure (absolute tension) is 
calculated from the formula* — 

d n = d. - 0.00070 6 xbx t - 

a t s 1 s h 


in which b is the barometric pressure, d a the absolute vapour pressure, 
and d ts the vapour pressure at the temperature t 8 of the dry- 
bulb thermometer. 

Satisfactory determinations of the moisture in air can also be made 
with a good hair hygrometer. The readings of the hair hygrometer 
must always be checked before use by comparison with a psychrometer, 
or preferably, with the results of a chemical determination. The readings 
only give the relative humidity, from which the absolute humidity can 
be calculated from the equation : — 


mr 

— = a 
100 


in which m is the maximum humidity for the temperature of the air, 
r the relative humidity, and a the absolute humidity. 

If only isolated determinations of the humidity arQ required, and 
accurately calibrated instruments are not available, the direct weighing 
of the water content of the air is always the most reliable method. 

The calculation of vapour tension to absolute humidity, and vice versd , 
is carried out as follows : — 


Absolute humidity = 


Vapour tension 
1 +0.00366 1 


x 


1.06. 


Vapour tension = Absolute humidity x 


1 + 0.00366 t 
1.06 


5* Hydrogen Peroxide. 

The investigations of Schone 1 have proved thafc hySrogen peroxide 
Is an almost constant component of fresh air, although often only present 
\n very minute quantities. It is most easily detected in rain water, 
vhich is collected for this purpose in porcelain or glass vessels. The 
quantity present in snow is relatively small, since the hydrogen peroxide 
;ontent of the air has its maximum in summer and its minimum in 
vinter. According to Sohone, 0-05 — 0-06 mg. in 1 litre of rain water is * 
1 small proportion, 1 mg. per litre an unusually high content. *The 
* # 1 Z. anal Chem, , 1894, 33, 137. " 
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hydrogen peroxide content of the air itself is very small ; Schone gives 
as a maximum 057 mg, in loop cb.m. 

Of th'e reactions for hydrogen peroxide, the following three are of 
special importance : — 

1. The blue coloration with chromic acid. A trace of potassium 
bichromate is added the solution containing the hydrogen peroxide, 
which is then covered with a layer of ether, and the whole shaken with 
a trace of sulphuric acid. *The resultant blue perchromic acid imparts 
an intense colour to the ether. # The quantify of bichromate added fnust 
be less, the smaller the quantity of hydrogen peroxide present The 
quantity of hydrogen peroxide present in rain water is never sufficient 
to give this conclusive reaction. 

2. The blue coloration with potassium iodide and starch on addition 
of ferrous sulphate (Schonbein). If rain water remains colourless on 
addition of potassium iodide and starch, prepared according to the 
directions given below, but becomes blue on addition of very little 
ferrous sulphate, the presence of hydrogen peroxide is proved (Schone). 
Twenty-five c.c. of the rain water, which has not been acidified, is treated 
with i c.c. of a 5 per cent, potassium iodide solution and 2 to 3 c.c. 
of starch solution. No blue coloration should result before the addition 
of the ferrous sulphate, although a coloration results, without this 
addition, after standing for several hours. The test is then completed 
by the addition of a drop or a few drops of a 0-5 per cent, solution of 
ferrous sulphate, as little as possible being added. 

The addition of acid, of much starch, or of much ferrous sulphate 
affects the sensitiveness of the reaction. The starch solution is prepared, 
according to Schone, as follows: — 1 g. of the purest starch in small 
pieces is shaken in a test-tube with from 20 to 25 c.c. of distilled water, 
allowed to subside for from one to two minutes, and the starch whi/=di 
remains suspended decanted into from 400 to 500 c.c, of boiling water ; 
the solution is then boiled for one minute and allowed to cool. The 
method can be made approximately quantitative by a colorimetric com- 
parison with known quantities of hydrogen peroxide. If larger quantities 
are present, the liberated iodine can be titrated with sodiurs thio- 
sulphate; 1 c.c. of N/10 sodium thiosulphate ==3-4 mg. H 2 0 2 . 

3. As a further method, Schone recommends the guaiacol-malt extract 
previously used 1 >y Schonbein ; provided certain sources of error and 

|||SdaiitiquS are taken into account, very good results are obtained. 

pphe materials required are : — (i.) A fresh solution of guaiacol pre- 
|^i||d-by dissolving 2 g. of guaiacol resin fragments, taken from the 
||h|:eri6f of a sample which has been kept in the dark, in 100 cc. qf 96 
cent alcohol which has not previously stood in sunlight Guaiacol 
|||Ji|^has been exposed to light first becomes blue and then brown, and 
^property ^ of turning blue with hydrogen peroxide; alcohol 



OZONE 


881 


which has been exposed to light gives the hydrogen peroxide reaction*. 
Old guaiacol solutions give a bluish green coloration in absence of 
hydrogen peroxide, (ii.) A freshly prepared diastase solution. Since 
pure, dry diastase, which is not affected by keeping, can be bought, it is 
not necessary to prepare an extract of malt 

The solution to be tested should be very faintly alkaline, or in any 
case not acid. One hundred c.c. ai# treated with i c.c. of the guaiacol 
solution and 0*5 to 1 c.c. of the diastase solution, and allowed to stand for 
a fe^ minutes ; a more or l£ss intense bright blue coloration indicates 
the presence of hydrogen peroxide. If the experiment is carried out in 
this way, the coloration soon reaches its maximum, and then gradually 
fades away. Neutral ammonium nitrite does not give this reaction. 

6 . Ozone. 

Ozone is present only in traces in the air, and all the older data as 
to its quantitative estimation are unreliable, as the reactions employed 
were ambiguous and uncertain. In particular, it is now generally 
recognised that the blue coloration of acidified potassium iodide-starch 
solution is neither £ qualitative nor quantitative indication of the 
presence of ozone. Chlorine, bromine, and especially nitrites, which 
occur frequently in the air, colour acidified potassium iodide and starch ; 
chlorine and btomine*also colour neutral solutions, whilst light and 
sulphuretted hydrogen both effect a decolorisation. 

The immediate blue colofation of a neutral solution of potassium 
iodide and starch might serve as a certain test for ozone, in absence of 
chlorine, since the* colour forms only very slowly in presence of hydrogen 
peroxide, and not at all with nitrites. 

According to Engler and Wild, 1 the following test is a reliable proof 
o£the presence of ozone : — Large quantities of the air under examination 
are first passed through finely divided chromic acid to remove the 
hydrogen peroxide, and then into a glass tube in which are placed, side 
by side, a manganese sulphate paper, which is coloured brown by ozone, 
but not by chlorine (formation of Mn 3 0 4 ), and a thallous oxide paper, 
which remains colourless in presence of nitrous acid, but is turned brown 
by ozone. If both papers a^e coloured, ozone is present. 

Various colour reactions with organic compounds haws been proposed 
for the qualitative detection of ozone, of which that .with tetramethyldi- 
/-diaminodiphenylmethane is the most definite and distinctive. 2 This 
reagent, which is known £s u tetramethyl base,” is used, either in alcoholic 
solution or as a test paper. Ozone produces a violet coloration and 
nitrogen oxides a straw yellow ; hydrogen peroxide gives no reaction. 2 

1 Ber., 1896* 29, 1940. • • % 

2 Cf, Arnold and Mentzel, Ber,, 1902, 35, 1324, 2902 ; F. Fischer and H. Marx, ibid,,^ 1906, 
39 , 2355 . 
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It Is scarcely possible to give a reliable method for the estimation of 
ozone in the air. The following data were recently obtained by Hatcher 
and Arny : ! — February, 0-015 to 1-12 mg.; March 0-08 1 0.15-81 mg. in 10© 
litres of air. The titration of the iodine set free from potassium iodide 
by sodium thiosalphate can certainly be used in the case of pure air, to 
which ozone has bqen added artificially, but the process is open to 
objection for impure air. The potassium iodide solution must in any 
case not be acidified. The reaction is : — 

O3 + 2K.I + H 2 0 = 0 2 + 2KQH + 2I. • 

One c.c, JV/iooo sodium thiosulphate solution (0.2483 g. per litre = 0.024 
mg. 0 8 . 

7. Ammonia. 

Ammonia, which is almost always found in traces in the atmosphere, 
results chiefly from the putrefaction of organic substances containing 
nitrogen and from the decomposition of urea. 

It may be detected qualitatively by sensitive litmus or turmeric 
paper, which is fixed between glass plates or watch-glasses so that only 
the projecting portion, which is moistened with water free from 
ammonia, is exposed to the air to be examined. The enclosed part of 
the paper serves as a comparison and forms a good means of detecting 
very slight alterations in the colour of the exposed portion. Haema- 
toxylin paper is also useful for the detection of very* small traces of 
ammonia. It is prepared by steeping freshly macerated logwood in 
alcohol, and soaking strips of white paper in the tincture ; the yellow 
colour of the p^per is turned to red-violet or violet-blue by ammonia. 
Paper which has been saturated with Nessler’s reagent (p. 765) is still 
more sensitive. 

For the quantitative estimation of considerable quantities of ammonia, 
the air is passed through 20 c.c. of an Nj 10 or N/2 o solution of sulphuric 
or hydrochloric acid. Litmus, rosolic acid, or methyl orange is used as 
indicator, but not phenolphthalein. ( Cf p. 71.) 

If the ammonia content is very small, the air is passed through 
water slightly acidified with sulphuric acid, and the absorbed ammonia 
estimated colorimetrically by Nessler’s reagent (p. 765). In the Mont- 
sourfs Observatory 2 the ^Duboscq colorimeter is used for the colour 
comparison. ° * 

l ( T 8. Nitrous (and Nitric) Acid. 

Is a constant component of the 'air, but is present in very 
lidfeiute quantities. According to Schone, 8 the air always contains three 
much ammonia as nitrous acid, Defren 4 found 0-014 mg. of 
10 litres of fresh air, and 0-07 mg. in 10 litres of the air of a room 

1900, p. 423. • Z. anal . Chem., 1894, 33, 141. 

BljlJgjNf f Qbscrvatoire de Montsouris , 1871, p. 505. 4 Chem. News, 1896, 74, 240. 
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in whi<di lights were burning. It is best determined in rain water, accord- 
ing to the method given in the section cm “ Drinking Water and Water 
•Supplies/’ p. 7$g. For its determination in the air, large quantities of 
air (ioo litres or more) are passed through dilute potassium hydroxide 
solution, and the resulting nitrite estimated. The method gives some- 
what low results, for, as Lunge 1 has shown, some nitrous acid is always 
decomposed to nitric acid and nitric oxide. It has therefore been 
considered sufficient 2 to pass the air through flasks cooled with ice and 
to estimate the nitrous aci$ in the water which condenses, or to pump 
from 8 to 9 litres of the air into a bottle, add ioo c.c. of water, and 
allow the whole to stand for twenty-four hours. 3 As oxidation easily 
occurs during this latter method of estimation, it is advisable to estimate 
the total combined nitrogen acids as described on p. 817. 

AU apparatus and reagents used in these estimations must, of course, 
be carefully tested beforehand, to ensure the absence of nitrates and 
nitrites. 

The estimation of larger quantities of nitric oxide, nitric trioxide, 
and nitric peroxide is described in the section on “Sulphuric Acid” 
(pp. 328 and 332). Their determination is usually effected either with 
potassium permanganate, or, if the quantity is small, colorimetrically. 

(Cf pp. 377 and 379.) 

• # 


II. — The Estimation of the Impurities in the Air of Towns 
. and of Confined Spaces . 

The examination of air for the presence of gases other than oxygen, 
nitrogen, and carbon dioxide, requires considerable care, as they are 
Usually present only in very small quantities, and it is accordingly 
necessary to deal with large volumes of air for their estimation. 

The most convenient laboratory method for aspirating the samples 
is by means of an ordinary water-pump, the volume of gas being 
measured by an ordinary gas meter. Or the gas meter itself may be 
employed as the aspirator by fixing a series of cog-wheels to the axle of 
the drum and driving these, either by means of a falling weight, or 
preferably with a small electric motor ; this ^>lan has .been advantage- 
ously used for the estimation of sulphur dioxide in air. {Cf. Fig. 2or, 
p. 885.) If smaller quantities of air are required, or if the sample is 
collected in the open or In a confined space in which the above methods 
are not available, the aspiration is best effected by running water out of 
gla^, metal, or wooden vessels which are connected by suitable means 
to the apparatus employed for the estimation ; the volume of air. 

1 Ding!. polyUj, 1879, 233, 340. 2 E. Cramer, Arch./. Hygiene , xo, 3J4. 

8 Defren, Chem, News, 1893, 74, 240. 
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aspirated 5 s obtained either by calibrating the vessel used,,, or by 
measuring the volume of water*run off. 

If It Js only required to obtain qualitative indications of the 
presence of a gas in air, or if the quantity is so small that a quantitative 
determination is* out of the question, test papers soaked with suitable 
indicators, eg. litmus, lead nitrate, palladious chloride, etc., may be 
employed as a means of identification. An alternative method r recom- 
mended by Ost 1 and also by Wislicenus is to suspend sheets of cloth, 
soaked in suitable absorbents, such as baryta water, in the airland 
subsequently to test for absorbed gases such as hydrofluoric acid, 
sulphurous acid, hydrochloric acid, etc. 

For quantitative determinations absorption vessels of the most 
varied form are in use, such as U-tubes, Peligofs tubes, Will- 
Varrentrapp pear-shaped absorption tubes, and Lunge’s io r -bulb 
absorption tube (Fig. 127, p. 338). Lehmann recommends tubes of a 
form suggested by Rosenthal, about 30 cm. long, i-8 cm. diameter, and 
widened at the upper end to 2-5 cm., which hold about 25 c.c. of the 
reagent ; they are fitted with glass stoppers through which two glass 
tubes pass, one cut off short within the tube and the other drawn out to 
a fine capillary. For quantitative determinations, two absorption 
vessels should always be connected in series, and the air, as it leaves the 
second vessel, should be carefully tested qualitatively fcr traces of the 
gas which is being determined. When small quantities of a gas are to 
be measured and the estimation is to be made by titrating back the 
excess of the absorbent, as is usually the case, it is n well to use the 
reagents as dilute as possible, as greater accuracy is thereby obtained. 

1. Sulphurous Acid. 

The injurious action of sulphurous acid in air on vegetation has long 
been recognised, and the relation of its presence to the mortality from 
respiratory diseases during foggy weather has become particularly 
emphasised by recent investigations on the quantities present in the air 
of large towns ; 2 also it has a very destructive effect upon certain kinds 
of building stone, after being oxidised to sulphuric acid. 3 It originates 
entirely from the combustion of fuel, a portion of the contained sulphur 
being oxidised during combustion to sulphur Sioxide, which undergoes 
further oxidation to a greater or less extent in the atmosphere, to 
sulphuric acid. 

7 The proportion of sulphur compounds present in the air of large 
towns* under varying atmospheric conditions, is indicated by the follow- 

'} ; l Chenu 1900, 23, 292. * 

IjyV 1 * Cf* c \The Atmosphere of Manchester,” Report to the Manchester Field Naturalists* Society, 
; r“ Town Fogs and their Effects,” W. }, Russell, Naturf, 1891, 45, iL ; ‘ r The Effects of 
pfEkr^Fogs upon Cultivated Plants,” F. W. Oliver, jC Royal Horticultural Society, 1893, 16, r. 

If I f Church, Native, 1907, 76, no. 
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ing data obtained in series of analyses made during the years 1890 to 
1895 in London, Manchester, and Liverpool; the results are expressed 
In volumes of 9 C 3 per million volumes of air : 

In clear weather, o*i to 0-5. 

Hazy weather during winter months, 2 to 5. - 
Slight fog, 2 to 10. 9 

DeiTse fog, 10 to 20. • % 

A maximum of 38-1 was obtained during a dense fog at St. 
Bartholomew's Hospital, Lphdon, during December 1892. 

The apparatus used in these determinations was devised by G. H. 



Fig. 201. 
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The inlet tube A, of about 12 mm. diameter, is fixed horizontally so 
as to project into the open air, • The glass tower B is about 75 cm. high 
and 3 cm, in diameter, and is provided with Inlet and Outlet tubes on* 
opposite sides, as shown ; a tap-funnel is fitted into the top of the tower 
by means of a gdod cork, and the tower itself is filled with glass beads to 
within 25 cm. of the upper side tube. This latter tube is connected by 
a piece of rubber tubing r to the wet meter C, which serves 'also as 
the aspirator, a set of toothed, wheels beinjj attached, as shown, which 
are driven by the falling weight. As mentioned above, a small eloctric 
motor can be advantageously substituted for driving the meter. 

To carry out a determination, the tap-funnel is charged with about 
250 c.c, of a solution of hydrogen peroxide containing about 1 mg. of 
active oxygen per c.c., which fs allowed to drip through the tower at a 
rate of about 1 drop a second, whilst the sample of air is aspirated 
through ; the liquid drips through to the flask placed below, and as the 
jet is quite sealed by the solution, the entrance of air from the interior 
of the room is effectually avoided. After the whole of the solution has 
passed through, it is poured back into the funnel and again jun through 
the tower. The air is aspirated at the rate of fronr 20 to 30 cubic feet 
per hour, and from 50 to 100 cubic feet should be drawn through for 
a determination, according to the quantity of sulphur dioxide likely to 
be present. After sufficient air has been passed thrbugh, the tap- 
funnel and tower are carefully washed out, and the sulphuric acid in 
the total solution determined gravimetrically as barium sulphate in the 
usual way. 

Lehmann gfives the following method for the quantitative deter- 
mination of sulphur dioxide in air: — As large a quantity of air as 
possible is passed through 20 c.c. of a standardised Nj to solution of 
iodine ; the reaction takes place in accordance with the equation 
(,/p. 116 ):- 

° S0 2 + I 2 + 2H 2 0 - H 2 S0 4 + 2 HI. 


■ As a precaution against loss of iodine a second absorption vessel 
containing 5 c.c. Nj 10 sodium thiosulphate solution is placed “behind 
the flask containing the iodine. After the requisite volume of air has 
been passed through the flasks the iodine and thiosulphate solutions are 
mixed together, and the excess of the Iodine solution titrated back with 
sodium thiosulphate ; 1 c.c. of the thiosulphate solution corresponds to 
3*2 ing. of sulphur dioxide. If only very small quantities of sulphur 
dioxide are present it is advantageous to use Nj$o solutions. 

'* Haldane 1 uses two test tubes for the absorption charged respectively 
iw^tfi :io c.c. of Nf 100 Jodine solution and ffljioo sodium arsenite 
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solution; a definite volume (16*5 litres) of the air is drawn through thS 
tubes by means of a large aspirator at %the rate of about 120 c.c. per 
minute, and the* excess of arsenite titrated back with iodine after mixing 
the contents of the two tubes. 

Sulphur dioxide can also be absorbed with sodium hydroxide, and 
determined, after oxidation, as barium sulphate. 

These methods fail in some cases, especially when the sulphurous 
acid is only evolved intermittently, or when it passes into the air in very 
minyte quantities. In winder, the difficulty may be overcome by 
collecting samples of snow from the district under examination, and at 
other times by examining deposits from the roofs of buildings such as 
greenhouses, or from the leaves of outdoor plants. The sample of snow 
taken should be uniform throughout its thickness. About 1 kilo is 
melted over a spirit lamp (the combustion products from gas flames 
contain sulphur dioxide), filtered, and 500 c.c. of the clear solution 
oxidised, to convert the sulphurous into sulphuric acid, which is then 
determined as barium sulphate. It is advisable to carry out the deter- 
minations soon after the snow has fallen, and, if possible, to repeat it 
after successive intervals of time ; also control determinations on 
samples taken from different localities are necessary, since the direction 
of the wind may affect the results to a surprising extent. 

The following results of determinations of the sulphur compounds in 
snow and*in deposits are taken from the Report of the Air Analysis 
Committee of the Manchester Field Naturalists' Society (1891): — 


* Mg. S0 3 per sq. m. 

* of Surface. 

Fresh-fallen snow near the centre of the city (Royal 

Infirmary) ...... 10 

Same deposit and locality after 1 day . . . 19 

„ „ „ 3 days . . . 31 

Snow outside centre of city (Owens College) after 1 day . 5* 2 

Same deposit and locality after 2 days . • • 21 

Snow further away from centre of city (Fallowfield) after 

1 day 4*3 

* Same deposit and locality after 3 days . . . 7* 5 


Deposits on aucuba ieaves in mg. per sq.jn. of leaf surface : 

Total Solid Sulphuric Hydrochloric 

Deposit. ANd. Acid. 


Royal Infirmary . . .568 18*3 14*1 

Owens College \ . * 3*5 I0 ‘4 I 7 , 3 


^Deposits collected from the roofs of greenhouses at Chelsea and at 
Kew in February 1891. during severe fogs coptained 4-33 and 4-0 pes 

cent, of sulphuric acid respectively. 1 

1 F. W. Oliver, loc. cit . # 
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Lehmann gives the following data : — 


* 

Snow (3 days old) from the Botanic Garden, Wurzburg . * 

„ „ „ centre of the town . 

„ „ „ from the yard of a cellulose works 


Mg. SOo por Kilo. 

6-3 

3i*3 

72*8 


* 2. Hydrogen Sulphide. 

Hydrogen sulphide mfay be detected qualitatively in very great 
dilution by its characteristic sfnell; the snf£ll is less ^distinctive if the 
proportion exceeds about 01 per cent, But its presence is then 
indicated by the irritation produced on the eyes, a warning symptom 
which should never be neglected on account of the very poisonous 
nature of the gas (Haldane^. It may also be easily recognised by 
exposing strips of lead acetate or nitrate paper, but it should be borne 
in mind that traces of black lead sulphide are gradually converted into 
lead sulphate. 

Minute quantities of hydrogen sulphide in air may be detected 
colorimetrically as follows : — A strip of filter paper, 5 cm. long and 
2 cm. broad, is soaked in lead nitrate solution and ^introduced into the 
mouth of a glass tube, 30 cm. long and 12 mm. in diameter, and the 
sample of air passed through the tube at a velocity of 6 litres in 
thirty minutes. If only a pale yellowish brown*- coloration is formed 
after passing 8 litres of air, the quantity of hydrogen sulphide present 
in the air is about I to 2 volumes per million. Even this quantity is 
sufficient to impart a very disagreeable smell to the air. A strong 
yellowish brown colour corresponds to about three parts per million, 
a dark brown colour to five, and a brownish black colour to eight parts. 
This method is to be recommended especially when a continuous 
control has to be kept over pollution of the air by waste gases fron^ 
works. 1 

Larger quantities of hydrogen sulphide are readily determined 
iodometrically. ( Cf. p. 1 16.) The air is passed through an N/\o 
iodine solution, and the quantity of iodine used up by the hydrogen 
sulphide ascertained by titrating back with Nj 10 sodium thiosulphate 
solution; 1 c.c. corresponds to 1*7 mg. H 2 S. r 

m 9 

4 * 

* 3. Hydrochloric Add. 

The hydrochloric acid in air is determined by absorption with 5 
or 10 per cent, sodium hydroxide solution, free from chloride ; from 
20 to 50 litres of air should be used for the estimation. The alkaline 
solution is subsequently neutralised with nitric acid and the contained 
chloride estimated by titration either with silver jiitrate and ammonium 
thiocyanate ( cf. p. 123), or with silver nitrate directly, using potassium 

1 C/C Lehmann, Arch./. Hygiene, 14 and 30. 


f * 
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chromate as indicator (cf. p. 123); Lehmann gives preference to the 
former method. Quantities of hydrochloric acid, sufficiently large for 
•determination +>y direct acidimetric means, are seldom found in the air. 
The results of determinations of the quantity of hydrochloric acid found 
in deposits on aucuba leaves in Manchester have been given above, 
p. 887 ; the deposits collected from the roofs of greenhouses at Chelsea 
and at* Kew contained 1*43 and* 0-83 per cent, of hydrochloric acid 
respectively. 

’ * * 4..^arbon Monoxide. 

Carbon monoxide may occur in the air of closed rooms as a product 
of the incomplete combustion of fuel, or it may be present as the 
result of leakage of gas supplies ; illuminating gas contains from 4 up 
to 18 per cent, of carbon monoxide according to the proportion of 
carbutfetted water-gas admixed with ordinary coal gas. It is also 
found in the air of underground railways, as a product of incomplete 
combustion, and in the air of mines where, except in a few exceptional 
cases, it is invariably produced either by fire or by heating. 

Carbon monoxide is an extremely poisonous gas, and the detection 
of small quantities Ts accordingly of great importance. Haldane 1 has 
shown that nearly all the deaths in colliery explosions and in under- 
ground fires in mines are due to the carbon monoxide contained in 
the after-damp! 

The detection and approximate quantitative estimation of small 
quantities of carbon monoxide can be effected either by its reducing 
action on palladious chloride or by its action upon blood ; in the latter 
case the change •produced is examined either spectroscopically or 
colorimetrically. The flame-cap test is also applicable. Other methods 
are available for the determination of larger quantities of the gas. 

# The Palladious Chloride Test. — Palladious chloride is reduced to 
metallic palladium by carbon monoxide, according to the equation : — 

PdCL, + CO + iU> - Pd + 2HCI + CO., * 

• 

For the qualitative detection of carbon monoxide, test papers are 
prepaid by soaking narrow strips of filter paper in a solution of 
palladious chloride contaiaing 02 mg. in 1 c.c. of water and dried. 
A strip is then moistened and suspended in* a bottle«containing some 
water, and into which 10 litres of the air to be examined have been 
passed; the bottle is then corked and allowed to stand. 05 parts of 
carbon monoxide per rooo of air produce a brilliant black film on the 
surface of the paper in a few minutes; o-i parts per 1000 give the 
saoie result after from two to four hours, whilst smaller quantities 
require a considerably longer time. Hydrogeq sulphide and ammonia? 

1 Causes of Death in Colliery Explosions . J. Haldane. Blue Book [C. 8112^ 1896. 
Published by Eyre & Spottiswoode. ‘ 
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iflust be absent for this test, which is also open to the objection that 
acetylene and other hydrocarbons reduce palladious chloride. 

The fest can also be carried out by first absorbing the carbon* 
monoxide with blood, and then trying its reducing action according to 
the following method proposed by Fodor: 1 — The blood solution, which 
has been shaken with*the air suspected to contain carbon monoxide, is 
introduced into a flask with a double *bored cork, which is placed on a 
boiling water-bath. The flask is connected on the inlet side with a 
wash-bottle containing palladious chloride, ^nd on the* outlet side ^ith 
a series of absorption vessels, of which the first contains sulphuric acid, 
the second lead acetate, and the third and fourth palladious chloride. 
A very slow current of air is aspirated slowly through the whole 
apparatus. The wash-bottle removes any traces of carbon monoxide 
or of other substances which reduce palladious chloride from thp air. 
The current of air then takes up the gases liberated from the boiling 
blood solution, of which ammonia and hydrogen sulphide are retained by 
the sulphuric acid and lead acetate, whilst the carbon monoxide passes 
on to the two palladious chloride absorption vessels. The heating of the 
blood and the aspiration of the air must be continued for at least half 
^ an hour. According to Fodor, it is possible by this method to detect 
0*2 parts per 1000 of carbon monoxide in the air. Klepzoff 2 found 
that in this method, a considerable portion of the carbon monoxide 
removed from the blood by the air, passes unchanged through the 
palladious chloride solution, and is thus lost; he states that the test 
can be made much pore sensitive if the absorption apparatus containing 
the palladious chloride is replaced by a series of fuiyiels, hermetically 
sealed and fitted with filter papers soaked with palladious chloride. 

The Spectroscopic Test — Carbon monoxide is very readily 
absorbed by blood, even when present in only very small quantities* 
it displaces the oxygen of the oxyhemoglobin of the blood and forms 
carboxyhemoglobin, the absorption spectrum of which is characteris- 
tically different from that of oxyhemoglobin. The carbon monoxide 
is absorbed from the air to be examined, either by shaking a volumg of 
the air with a solution of blood, or by placing mice or rats in tffie air, 
and subsequently withdrawing a portion of tjjeir blood for the test ; 
it is impossible t<$ absorb the gas by passing a current of air through 
a solution of blood. r 

The spectroscopic examination is best carried out in the following 
way : a — 100 c.c. of fresh defibrinated blood are diluted with about 50 c.c. 
of water and poured into a bottle of from 6 to 10 litres capacity, 

previously filled with the air to be examined. The bottle is then 

• 

1 Deutsch, Vierielj off. Gesundheitspflege , 1880, 12* 377. 

2 Researches of the Hyg . Lab, of the University of Moscow , 1886, 

3 Cf Vogel, Ber. y 1877, 10, 794 ; 1878, II, 235. 
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closed* with a rubber cap and carefully shaken from time to time foF 
half an hour, so as to allow the blood to absorb as much carbon 
'monoxide as possible. In presence of carbon monoxide the blood is 
turned a pink colour, which is very characteristic and easily recognised 
if compared with the colour of the original blood solution. 

Ten drops, both of the normal blood and of^that which has been 
shaken*with the air, are then diluted to about 20 c.c., and examined in 
the spectroscope. Oxyhaemoglobin (normal blood) shows two absorption 
bands with sharp^dges in tfife yellow and green, between the Fraunhofer 
lines D and E. In presence of carboxyhaemoglobin these bands also 
appear, but lie closer together and have indistinct borders. The 
difference is rendered more distinct by treatment with reducing agents, 
such as ammoniunT sulphide or ferrous # ammonium tartrate (Stokes’ 
solutipn) ; to prepare the latter, ferrous sulphate is dissolved in water, 
and solid tartaric acid added until a dense precipitate results, which is 
dissolved by adding excess of ammonia, when a black-green solution is 
formed, which must be kept in well-stoppered bottles. A few drops of 
the reducirig agent are added to each solution. Oxyhaemoglobin is 
reduced at once to haemoglobin, but the more stable carboxyhaemoglobin 
is not affected. The haemoglobin formed gives one ill-defined absorption 
band, which not only takes up the interval between the two absorption 
bands of the tmalterdd oxyhaemoglobin, but extends further on either 
side, but not so far as the Fraunhofer lines D and E ; carboxyhaemoglobin, 
on the other hand, shows the two indistinct bands almost unaltered. 
According to Vogel, a carbon monoxide content of 2-5 parts per 
1000 in air can* be detected in this way. This fhethod is very 
useful for the detection of carbon monoxide in the blood in cases of 
poisoning by the gas. It can also be applied to the detection of carbon 
monoxide in tobacco smoke by blowing smoke for a time through a 
bottle of 200 c.c. capacity. 

Since blood is never quite saturated with carbon monoxide and 
always contains* oxyhaemoglobin at the same time, the bands of the 
carboxyhaemoglobin are generally more or less obscured by superimposed 
bands^f the reduced haemoglobin. From the relative intensity of the 
bands of carboxyhaemoglobin and of the reduced haemoglobin, it is 
possible, with some practice, to determine approximately the degree of 
saturation of the blood with carbon monoxide. 1 CTflfelmann has shown 
that the indications are sharper if about 10 per cent, of sodium 
hydroxide solution is # added to the blood after the addition of the 
ammonium sulphide. The spectrum of the carboxyhaemoglobin 
still remains unaltered, whereas the reduced haemoglobin is converted 
into haempchromogen, # which gives a sharp, dark absorption band* 
between D and E (nearer to D), and an indistinct band at E. If the 

1 Cf. Uffelmann, Arch./ Hygiene , 1884, 2, 207. 
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Blood is only partially saturated with carbon monoxide, h«emochrOytnogcn 
and carfaoxyhaunoglobin are both indicated. Uffelmann was able to 
detect c> j3 parts per 1000 of carbon monoxide in air by this method. * 
. Colorimetric Test* — .The colorimetric comparison of the tint of a 
solution of blood containing carbon monoxide with that of a normal 
blood solution formg a certain and extremely delicate test for the 
detection of the gas, which is both simpler and more sensitive than the 
spectroscopic examination.* This test is due to J. S. Haldane, 1 who 
has worked out the necessary cfetails with g^Feat care. • # * 

A very dilute solution of normal blood, which may be obtained from 
a prick in the finger, is first prepared, which should be of such dilution 
that the solution has a yellow tinge. Portions of this solution are 
placed in each of two test tub%s of equal diameter, and the solution in 
one of them thoroughly shaken up with ordinary coal gas until the 
haemoglobin is saturated with carbon monoxide, when its colour changes 
to pink. The air to be examined is tested by introducing a mouse into 
it and then placing a drop of its blood, which may easily be obtained by 
opening the heart, into a test tube of the same diameter as„ those used 
for the normal blood, and diluting the blood cautiously until the depth 
of tint is equal to that of the other two solutions. The solution thus 
obtained will be intermediate in colour between that of the blood 
saturated with carbon monoxide and that of the normal T>lood, and will 
approach the one or the other according to the percentage of carbon 
monoxide in the air tested ; an approximate estimation is thus obtained 
of the extent to whi o ch the haemoglobin of the blood qf the mouse was 
saturated with carbon monoxide. From this the percentage of carbon 
monoxide in the air can be roughly estimated, since the blood of the 
mouse will be about two-thirds saturated with o*i6 per cent, of carbon 
monoxide in the air, half saturated with o-o8 per cent., a third saturated 
with o- 04 per cent, a fifth saturated with 0-02 per cent, etc. The tints 
should be compand by holding the test tubes against the light from the 
sky, and they should be changed from side to side during the com- 
parison. The test requires daylight, but in its absence a lamp 4 or 
preferably an incandescent gas burner with a blue glass chimrfty and 
opal globe, may be used, or else blue glass spectacles. 

If a mouse is "not available, a sample of the air is collected in a bottle 
of xoo c.c. capacity /the cork removed under a dilute (about 0*5 per 
cent,) solution of blood, and about 5 c.c. of the solution allowed to enter 
the bottle ; the cork is then replaced, the bottle covered with a cloth to 
protect it from light, which interferes with the reaction, and the contents 
shaken continuously for ten minutes. The solution is then poured into 
'a test tube, and its content of carbon monoxide, estimated a & described 
above. 

Cf. The Investigation of Mine Air t by C. Foster and J. S. Haldane, y. 147. 
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Th£- percentage of carbon monoxide (j>) may be calculated from 
the percentage saturation (. s ) by the formula : — 

s x 0.07 

p — 

x 100 -s 

Thus, if the estimated saturation be 20 per cent., the percentage of 
carbon ^monoxide will be 0-017. ^ correction is necessary if the per- 

centage of oxygen in the air examined is much below the normal, as 
the equilibrium ajtained between carbon- monoxide and oxygen in blood 
depends upon the relative proportions of the two gases present in the air. 

Haldane has also devised a less simple but more exact colorimetric 
test, 1 in which a standard solution of carmine is prepared so as to 
exactly match a 1 per cent, solution oPblood saturated with carbon 
monoxide, when added in a certain proportion to a 1 per cent, solution 
of normal blood. The colorimetric comparison is made by adding the 
carmine solution from a burette to the diluted blood sample to be 
tested until its colour matches that of the above saturated solution. 

Colorimetric Test after the addition of Reagents. — In this test, 
proposed by Kunkel*and Welzel, the difference of colour of blood con- 
taining carbon monoxide and that free from carbon monoxide is observed 
after the addition of certain reagents which coagulate albumin. 

The carboi*monoxide is absorbed by 20 c.c. of a 20 per cent, solution 
of blood # from a volume of air of about 10 litres, and the solution 
obtained, together with a control solution of normal blood, treated with 
the reagent. Variously coloured precipitates are formed, which are of a 
reddish colour, bVt in the blood containing carbon monoxide the colour 
tends more towards a whitish blue, and in the normal blood solution 
more towards yellow or brown, if the quantity of carbon monoxide is 
ynall. 

Welzel recommends the two following reagents: — (1) 15 c.c. of a 1 
per cent, tannin solution are added to 5 c.c. of the bk>od solution and 
the whole shaken ; the precipitate which results subsides gradually. A 
difference of colour occurs at once and becomes distinct after from one 
to twes*hours, and still more so after from twenty-four to forty-eight 
hours ; the precipitate in the solution containing carbon monoxide is a 
brownish red, that in the normal blood solution a greyish brown. The 
difference in colour is still evident after nine months if the solutions are 
kept in well-closed vessels; (2) 5 c.c. of a 20 per cent, solution of 
potassium ferrocyanide*and 1 c.c. of acetic acid (1 vol. glacial acetic acid 
+ 2 vols. water) are added to 10 c.c. of the blood solution. The precipi- 
tate in the blood containing carbon monoxide soon becomes reddish 
brown, and that in ordinary blood, greyish brown. The difference in* 

1 Journal of Physiology) 1897,22, 478. Cf Clowes and Redwood, Thf Detection and Estimation 
of Inflammable Gas and Vapour in the Air f p. 139. 
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colour decreases after half an hour, and disappears after from i; wo to 
six days, Wclzcl detected oag parts per looo of carbon monoxide in 
air by these two methods. • * 

.The Flame Cap Test.’ — The cap produced above a hydrogen 
flame by combustible gases such as hydrocarbons, is also formed by 
carbon monoxide. Qowes has shown that with his standard hydrogen 
flame, a cap 12-5 mm. highas produced in air containing 0-25 per cent, 
of carbon monoxide, and that the cap increases in height proportionately 
with an increase in the percentage of carton monoxide. As the game 
effect, however, is produced by other inflammable gases by which carbon 
monoxide is rarely unaccompanied, the test loses its specific value for 
the detection of this gas. 

The Quantitative determination of Carbon Monoxide. — Apart 
from the analysis of the air of mines, exact quantitative estimations of 
carbon monoxide in air are seldom carried out. The ordinary methods 
of gas analysis can be employed for the estimation if the gas is present 
in sufficient quantity. ( Cf p. 210.) Haldane 2 has devised special 
apparatus for the analysis of mine air, both for laboratory^ use and for 
the analysis of the air in situ. , 

There are, in addition, a number of more special methods, of which 
the following are the most important : — For the determination of the 
comparatively large quantity of carbon monoxide present in tobacco 
smoke, Pontag 3 has worked out a method based on previous suggestions 
by Fodor. The sample is collected in a flask fitted with a double-bored 
cork, and a current of air, previously washed with a 02 per cent, solution 
of palladious chloride, passed through ; the issuing |tir is passed first 
through a small flask containing fuming sulphuric acid to absorb hydro- 
carbons, then through sodium hydroxide solution for the removal of the 
sulphuric acid fumes, and finally through a series of four flasks containing 
a 0-2 per cent, solution of palladious chloride. The quantity of air 
passed through should be equivalent to at least five times the volume of 
the flask. The first flask is most strongly coloured by the liberated 
palladium, the second one faintly, the third scarcely perceptibly, and the 
fourth not at all. The metallic palladium is collected on a filter, acasfied 
with water, ignited, and weighed. 

One mg. palladium =0^63 mg. CO. 

One c.c. CO weighs 1-2503 g. at 0° and 760 mm. 

The iodometric method proposed by Fodor has been shown by 
Welischkowsky i to give good results. In this method the solution of 
palladious chloride, after having been acted upon by the carbon mon- 

1 Full details of these tests are given in The Detection and Estimation of Inflammable Gas and 

vapour in the Air> by F. Clowes and B. Redwood, 1896. r» * 

2 The Investigation of Mine Air , Foster and Haldane, pp. 1 00 and 115. 

3 Z. U&ers. Nahr . u. Genussm M 1903, 6, 673. 4 Arch, f Hygiene , I, 327 * 
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oxide jn the air under examination, is filtered off from the precipitated 
palladium, heated to boiling, and potassium iodide solution (3*119 g. per 
-litre, so that x «.c. = 1 mg. palladium) added, until no further precipitate 
of palladious iodide results on allowing to stand, boiling, and adding 
more palladious chloride drop by drop. The reaction takes place 
according to the equation : — ^ 

♦ PdCl 2 + 2 K X - Pdl 2 + 2 KC 1 . 

The method is very satisfactory whe$ carefully carried out. 

^Spitta 1 has recently givek a critical summary of the newer methods 
for the determination of small quantities of carbon monoxide, and has 
discussed especially the methods, published independently by Nicloux 2 
and Gautier, 3 for the determination of carbon monoxide by iodine 
pentoxide. Both methods depend upon the reaction : — 

% i 2 o 5 +5 co=i 2 +sco 2 . 

Nicloux passes the gas under investigation through a U-tube which 
contains small pieces of potassium hydroxide, then over pumice soaked 
in sulphuric acid, and finally through a U-tube containing iodine pent- 
oxide which is kept ,at a temperature of 1 50° in an oil-bath ; an absorp- 
tion tube containing xo c.c. of sodium hydroxide is placed behind the 
tube of iodine pentoxide. The air is passed slowly through the tubes 
at a rate of, at most, .10 c.c. per minute; the iodine vapour set free is 
absorbed +>y the sodium hydroxide, then liberated by the addition of a 
few centigrammes of sodiufn nitrite and some sulphuric acid, and 
extracted with carbon disulphide or chloroform. The coloration obtained 
is compared with* that given by a solution of potassium iodide containing 
01 mg. per c.c., when treated with nitrite and sulphuric acid and extracted 
with chloroform, varying quantities of which are treated until the 
coloration obtained in the test is matched. One hundred and twenty- 
seven parts by weight of iodine correspond to 70 parts by weight of 
carbon monoxide, or 1 c.c. of A r /ioo iodine solution^ 07 mg. carbon 
monoxide. # 

According to Kinnicutt and Sanford, 4 better results are obtained by 
titrcitnag the liberated iodine directly with Njioo sodium thiosulphate. 

In Gautier’s method tl\c iodine is not determined, but the carbon 
dioxide formed is estimated after liberation ffom the resulting carbonate 
with acids. The method, which, of course, presupposes that the exact 
amount of carbonate present in the potassium hydroxide is known, 
is somewhat more compKcated than that of Nicloux. The chief objection 
to the method is that, according to Gautier, although iodine pentoxide 
is not acted upon by hydrogen, methane, or by aromatic hydrocarbons, 

« 1 Arch,f Hygiene, 46 , 284 ; J, Soc. Chem . fnd? y 1903 , 22 , 652 . 

2 Comptes rend 1898 , 126 , 74 &« 3 1898 ; 126 , 931 . 

4 J. Amer. Chem . Soc *, 1900 , 22 , 14 . ^ 
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r it is partially reduced both by ethylene and by acetylene. The. errors 
thus introduced in presence of# these gases can be overcome, but the 
methods ‘involved are complicated and lengthy. Levey and Pecoul 
state, however, that the action of acetylene can be neglected in most 
cases, as i part per 10,000 has no reducing effect, whereas 1 part per 
10,000 of carbon monoxide gives an intense coloration. A further 
important disadvantage, emphasised by Spitta, is the very small <|uantity 
of air which can be used for the determination, as at most not more than 
from 600 to 1500 c.c. per hour can be p^fsed through the appa^lus. 
The combustion of carbon monoxide by palladium asbestos by Winkler's 
method is also unsatisfactory ; the combustion is incomplete unless the 
experiment be carried out extremely slowly. The method is therefore 
only applicable for small quantities of air containing a considerable 
percentage of carbon monoxide. 

A more recent method devised by Spitta 2 consists in oxidising the 
carbon monoxide in a large quantity of air by means of heated electrodes 
made of silver foil coated with palladium. It is stated that exact 
determinations of carbon monoxide to within 0*1 part per 1000 can be 
thus obtained. The temperature of the palladium#must be maintained 
at 150° to 160 0 ; at higher temperatures (180 0 to 200°) ethane, ether, 
petroleum vapour, and benzene are oxidised, and above 250° acetylene; 
ethylene is not oxidised below 300°. The combustion *of the carbon 
monoxide requires about one and a half hour, and to obtain good results 
a small proportion of hydrogen must be present The carbon dioxide 
formed is afterwards determined by Pettenkofer’s method. A parallel 
determination < 5 f the carbon dioxide in a corresponding volume of the 
air is carried out ; the quantity of carbon dioxide which has resulted 
from the carbon monoxide is then obtained by difference. 

• 

5. Hydrocarbons : Methane, Acetylene, Benzene, Petroleum Vapour. 

Attempts havS frequently been made to estimate small quantities of 
compounds containing much carbon, such as the abo»e, by passing a 
large volume of the air (from 5 to 10 litres) first through concentrated 
potassium hydroxide solution to remove carbon dioxide, then through 
baryta water to show that £he absorption ha» bjen complete, and finally 
through a combastiqn tube containing red-hot copper oxide, which 
combusts all gaseous Carbon compounds to carbon dioxide and water; 
the carbon dioxide formed is absorbed by baryta water and determined 
by titration. It is, of course, frequently a matter of difficulty to cal- 
culate the carbon dioxide to any definite compound, since the nature 
of the organic impurities in air are often indefinite. . 

® Spitta’s method for the estimation of carbon jnonoxide b y. oxidation 
by heated palladium (p. 896) can also be used for hydrocarbons ; in this 
1 Comptes rwd 1906 , 142 , 162 . 2 Loc. cit. 
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case, hpwever, a higher temperature must be used than for carboif 
monoxide. • 

1 The estimation of Methane is of the greatest importance in the 
examination of the air of mines, especially as a check on efficient 
ventilation, in association with the estimation of the* carbon dioxide. 
Apart from the ordinary methods of analysis thaj can be used for its 
determination, for which Haldane’s portable apparatus 1 is especially 
suitable for testing the air of mines, Le Chatelier’s 2 limit of inflamma- 
bility test, in wfrich measured proportions of methane are added 
successively to the gas under examination until the limit of inflam- 
mability with air (6* I per cent) is reached, is very applicable and 
reliable; the “Flame-cap” test 3 is also important as a direct indication 
4 of the proportion of fire-damp in mine air. • The combustion of methane 
by a ^heated platinum spiral ( cf. p. 203) gives reliable results ; a 
simplified form of apparatus for its determination in mine air by this 
method has been devised by Brunck. 4 

Very few special methods are known for the identification of hydro- 
carbons in small quantities. 

The following qualitative reaction for Acetylene has been described 
by L. Ilosvay. 5 One g. of crystallised copper sulphate is dissolved in a 
little water, 4 c.c. of a 20 per cent, ammonia solution and 3 g. of 
hydroxylamine hydrochloride added, and the whole diluted to 50 c.c . ; 
the cuprous solution thus prepared keeps for a few days. For the 
detection of acetylene, a plug* of cotton wool or glass wool is soaked 
with the reagent^and the gas to be tested passed over the plug, or the 
gas is shaken witl^ a few c.c. of the reagent ; in either case the presence 
of acetylene is indicated by a red coloration or precipitate. 

Acetylene may be estimated quantitatively by passing the gas through 
qynammoniacal silver solution; theprecipitatedsilveracetylicleCC^HgAggO) 
is filtered off, decomposed, and weighed as silver chloride. The acetylene 
may also be absorbed in an ammoniacal solution of cuprous chloride, the 
precipitate (C 2 H/X 2 0 ) filtered off, washed with dilute ammonia until the 
filtrate is free from copper, the copper acetylide dissolved in hydro- 
chloric**cid, and the contained copper estimated either electrolytically, 
or iodometrically, or, if^ ifcs quantity is very small, colorimetrically. 
Carbon monoxide is, of course, also absorbed by cuprous chloride, but 
gives no precipitate ; any carbon dioxide or hydrogen sulphide in the 
gas tested must be removed by washing with sodium hydroxide, 
previous to the absorption of the acetylene. 

4.89 mg. Cu~i mg. Acetylene, 

* 8.3 mg. Ag = 1 mg. Acetylene. 

4 

1 The Investigation 0/ Mine A*, p. 1 1 5. * * 2 AW., p. 76. 

y Cf. Clowes and Redwood, The Detection a?id Estimation of Infammahtt Gas and Vaf>oiy‘ in the 
dir, P* 54 se T 1 Cf. The Investigation of Mine Air , p. 51. # 0 Ber., 189^32, 2697, 
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Benzene may be detected qualitatively, and, if present in sufficient 
quantity, rnay be determined quantitatively by the method of Harbeck 
and Lunge, 1 in which the air is slowly passed through a tube with 
fifteen bulbs, filled with a mixture of equal parts by weight of con- 
centrated sulphuric acid and fuming nitric acid. The benzene is 
converted into dinitrpbenzene, which may be detected by its smell, and 
can be extracted from the liquid, after neutralisation with ether. 
(Cf. “ Illuminating Gas,” Vol. II.) 

Petroleum vapour in air can be detected and estimated by -the 
Clowes’ flame-cap test, and also by a manometric method suggested by 
Dewar and worked out by Redwood. 2 

6 . Organic Matter. 

It has been suggested 3 to estimate organic matter in the aij, as in 
water, by its reducing action upon an acid solution of potassium 
permanganate. Such a method is open to the objection that the action 
of the various gases on permanganate is entirely unknown, but by 
adhering to strictly uniform conditions, comparative values may be 
obtained which may be of use in special cases. • 

As the completeness of the oxidation of organic matter by 
permanganate depends upon the intimacy of the contact of the air 
with the solution, the length of time during which the £ttion proceeds, 
and the temperature, the conditions must be arranged so tfiat the air 
passes through the potassium permanganate in as fine a stream as 
possible and remains as long as possible in contact with it. These 
conditions are* fulfilled by the wash-bottles deviseci by Archarow 4 in 
which the column of permanganate solution is about 13 cm. high, when 
10 cc. of the liquid are introduced, and in which the air is broken up 
into small bubbles by a tube drawn out to a fine point, which dips 
nearly to the bottom of the vessel. For the estimation, the air is passed 
successively thrdhgh three of these wash-bottles, which are kept at a 
temperature of from 40° to 45° in a water-bath, to facilitate the oxidation ; 
the dust in the air is prevented from coming into contact with the 
permanganate by a plug of glass wool, previously boiled wit# dilute 
permanganate and washed with water, whic£ is placed in a tapering 
tube attached by means of a ground-glass joint to the inlet tube of the 
first wash-bottle. 

The solutions required are: (1) a solution of oxalic acid containing 
07879 g* of recrystallised and dried oxalic acfd in 1 litre of water, so 
that 10 c,c. of the solution require 1 mg. of oxygen for its oxidation 

1 Z. anorg . Chem., 1898, 16, 26. * 

2 For details of these tests, cf. The Detection and Estimation %f Inflammable Gcfs and Vapour in 
he toe. cit,j pp. 1^8-197. 

a Cf. Jiffelmann, Arch.f k Hygiene, 8, 262. * Arch./. Hygiene, 13, 229. 
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(cf. Drinking Water and Water Supplies/' p. 742); (2) a solution of 
potassium permanganate containing 0-^5 g. of the crystallised salt in 
*500 *c.c. of watSr. For the determinations, 5 c.c. of each of the solutions 
are diluted to 250 c.c. so as to reduce the error of the titrations as much 
as possible. The permanganate solution is acidified with 2*5 c.c. of dilute 
sulphuric acid (1 : 3), boiled, and after cooling poured into the wash- 
bottles^ it must be standardised before each, determination. 

At the conclusion of tlje experiment the potassium permanganate 
sohi£ion is poured into a ppr^elain dish, 10 c.c. (one-third of the whole) 
transferred to a flask, and heated to boiling after the addition of 3 
drops of sulphuric acid (1 : 3) ; the quantity of oxalic acid which originally 
corresponded to 10 c.c. of permanganate is then added, the solution 
again boiled for exactly two minutes, and then quickly titrated with 
permanganate, until a perceptible red coloration is obtained. The 
titration of the control solution is carried out similarly. For the 
calculation, the quantity of potassium permanganate used in the control 
experiment is deducted from the quantity required in the actual 
estimation the result is expressed in terms of the oxygen required for 
the oxidation of the*organic matter. ( Cf. p. 742.) 

According to Erismann and Archarow, the difference in the quantity 
of organic matter in different places can be shown by this method if the 
variation amoOnts to at least 25 per cent. 

The Manchester Air Analysis Committee {Joe. cit.) determined the 
organic matter in air by aspirating the sample through a plug of 
cleaned glass wool placed in a tube 20 cm. lorag and r2 mm. in 
diameter. After «a sufficient quantity of air had been drawn through, 
the plug was transferred to a stoppered cylinder containing roo c.c. of 
potassium permanganate solution (0-395 g. per litre) and an equal 
volume of dilute sulphuric acid (1 :3); after stirring up the glass wool 
with the solution the unchanged permanganate was titrated in successive 
portions of 10 c.c. each, at once, after one hour, six flours, twenty-four 
hours, and after digesting for one hour at $0° respectively. The results 
are 4 as in the above method, only comparative, and include any organic 
matter^>resent as dust. 

Should it be desiretf to determine th%* nitrogen in the organic 
matter (albuminoid ammonia), the solutions obtained? in either of the 
above methods can be distilled with alkaline permanganate, and the 
liberated ammonia estimated. ( Cf. p. 769.) 

7. Soot and Smoke. 

JNo direct quantitative methods have been used for the estimation of 
soot in ordinary air. Qbviously it would be necessary to aspirate ver / 
large quantities of air through a filter of inorganic •material, si*ch as 

glass wool, and then to determine the carbon by. combustion. ~ Several 

• • 
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methods have, however, been employed for judging the relative quantity 
of soot in air. * 

L. Heim 1 exposed dishes of water to the air, colfected the soot* 
obtained on filter paper, taking care not to include grains of sand or 
insects which mi&ht have fallen into the water, and determined the in- 
crease in weight ; the /method can be checked to some extent by observing 
the degree of blackening qf the filter paper. The method is lfhble to 
a number of drawbacks which *are difficult # to eliminate, and might be 
improved by collecting the soot on asbestos filters ^and determining 
the contained carbon. 2 

The soot (blacks) collected by snow has been made use of by the 
Manchester Air Analysis Committee as a comparative means of 
testing the purity of the air in winter. Also, the deposits of soot 
formed on the roofs of greenhouses have been analysed, with thg? view 
of determining their approximate composition and character. The 
deposits thus collected at Chelsea and at Kew during very foggy 
weather in February 1901, gave the following analytical results — 



Chelsoa. * 

Kow. 


f I y er cent. 

For cant. 

Carbon ...... 

39 

42-5 

Hydrocarbons ..... 

12.3 l 

• 47S 

Organic bases ..... 

2 *°«. J 

Sulphuric acid ..... 

4*33 

4-0 

Hydrochloric acid . . . 

i*43 

0-83 

Ammonia ...... 

J*37 

I-I4 

Metallic iron and magnetic oxide 

2*63 1 

\ 41-15 

Other mineral matter, chiefly silica and ferric oxide 
Water not determined. 

• /*- 2 4 J 


More recent determinations of the constituents of Manchester soot 
by Knecht 4 gave 107 per cent, of ammonium sulphate, 19*6 of mineral 
matter (ash), 10*9 soluble in dilute sulphuric acid, 13*0 soluble in 
benzene, and 45*8 per cent, of carbon by difference. London soot 
contained considerably less extractive matter. * 

For the determination of soot in the chimneys of factories, 
P, Fritzsche recommends the following as a simple method tube 
150 mm. long and 10 mijjt. in diameter, is plygged with 2 g. of loose 
cellulose (as used for^preparing nitrocellulose), and attached at one end 
to a connecting tube which passes through a hole into the chimney, 
the other end being connected with an aspirator, by means of which 
from 10 to 20 litres of the chimney gases are aspirated through 
the tube. Most of the soot is collected at the beginning of the 
plug. This blackened portion is introduced into a wide-neoked, 

1 Arckf. Hygiene, 26. * 2 Cf Mabery,/. AmPr, Chem. Sac,, 189*$, 1% 105. 

m s F. W. Oliver, J. Royal Horticultural Society , 1893, 16, I, 

*~Mem. and Proc,, Manchester Lit . and Phil Soc. , 1905, 49 [14]. 
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stoppered flask of 300 c.c. capacity, and the rest used to clean out thte 
tube and also placed in the flask, together with 200 c.c. of water* 
•The'whole is fchen shaken to a grey suspension, which is filTed into a 
large test tube from 40 to 50 mm. in diameter. Similar tubes are 
filled with 2 g. of cellulose, 200 c.c. of water, and knQwn quantities of 
soot (from 15 to 30 mg.), and well shaken, which are used for a 
colorimetric comparison ; a permanent scale can be prepared from 
these standards with black paper. 1 

• A method devised by “Rubner 2 ha£ given interesting comparative 
results, but has hitherto ’been used more as a qualitative than as a 
quantitative method. From 2000 to 4000 litres of the air to be 
examined are drawn through circular pieces of filter paper of 2 cm. 
diameter stretched in a metal frame. * The coloration produced is 
approximately proportional to the quantity of soot present in the air. 
Even'air which has passed through a plug of cotton wool gives a trace 
of discoloration on the paper. Petroleum lamps, Argand burners, and 
stearin candles give easily detectable quantities of soot as compared 
with the incandescent burner. 

A similar method has been used for many years in gasworks for the 
approximate estimation of the coal tar remaining in the gas after 
purification. 

• * 8. Dust. 

• 

Air, in the open, contains* usually so little dust that a quantitative 
estimation is a matter of difficulty, and is but rarely carried out. 
Quantities of r mg. per cb.m, are considered high fn the open air, and 
in general no washable quantity is obtainable from too to 200 litres. 

For this reason, Lehmann and Arens 3 have worked out a 
comparative method for estimating the quantity of dust in air. 
leakers of 400 sq. cm. superficial area are inverted on a piece of wood, 
fixed on a rod about 5 feet from the ground, and are covered with a 
thin layer of grease, so that all dust particles which come in contact 
with it remain attached. After being exposed for certain periods such 
as *a quarter of an hour, one hour, or three hours, according to the 
amount of dust and the prevailing air currents, the grease is dissolved 
in ether, and filtered through a weighed filler papery the filter paper 
is then extracted with ether and the increase ^f weight, due to the 
residual dust, determined. By this method, a distinct increase of weight 
can be obtained in cases in which the examination of several hundred 
litres of air gives no perceptible quantity of dust. 

For the determination of larger quantities of dust, such as occur in 
closed spaces, measured quantities of air are filtered through small 

1 z'.anal. Chem ., 1898* 37, 92. 2 Hygicn. Rutidstfau, 1 900, 257.^ 

3 Arch,/ Hygiene , 21. 
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light glass tubes, from i to 1*5 cm. in diameter, closed at one end with 
a plug and drawn out to a fine*point at the other. The difference in 
the weight of the well-dried tube with its plug, beforehand after' the* 
experiment, gives the amount of dust, which is generally calculated to 
the quantity per«cubic metre. It is most convenient to aspirate the 
air with an air-pump, and to measure the quantity passed through with 
a gas-meter. If no other means a^e at hand, a useful method is to 
aspirate the air with a ga c s-tight bellows of about 20 litres capacity, 
fitted with a three-way tap; 20 'litres of aijf'are first aspirated into the 
bellows through the plugged tube, the tap is then reversed, the filtered 
air blown into the open air, and the operation repeated until from 200 
to 400 litres of air have been aspirated through the tube. At least 
100 litres should be used for a*determination. 

The determination of the coal dust in the air of coal mines, which 
apart from hygienic considerations has become of considerable 
importance on account of the part it plays in colliery explosions, is 
effected by drawing a measured volume of the air through a tube 
about 1 6 cm. long and 15 mm. in diameter, which is drawn out below 
to a narrow piece 3 cm. long, and is widened out a little at the top ; the 
tube is filled with a packing of cotton wool of a length of about 10 cm., 

* and is provided with glass caps for the two ends. The tube, together 
with the caps, is weighed before and after the experiment, and the 
increase of weight calculated per cubic metre of air; 10 litres of air is 
a suitable quantity for the estimation. 1 

For the estimation of stone dust in metalliferous mines, Haldane 2 
uses a tube about % cm. long and 12 mm. in diameter, drawn out 
at one end, and fitted with a small plug of cotton wool. The tube 
is attached to the nozzle of a brass exhausting syringe of about 
200 c,c. capacity, for the determination and the air under examina-^ 
tion drawn through, the syringe and tube being held in a horizontal 
position. The glug is subsequently transferred to a platinum 
crucible and ignited ; the weight of the ash of the cottpn wool can be 
neglected. 

Should an analytical examination of the dust be desired, th^usual 
methods can, as a rule, be employed, provided the quantity of dust 
collected is sufficient, If^he contained cartTon is to be estimated, 
the dust can be collected on a glass wool filter, and subsequently 
combusted. The microscopic examination of dust has been studied 
by Wegmann 3 

The following table gives some indication as to the quantity of 

1 Cfi Foster and Haldane, The Investigation oj Mine Air, p„ 57, 

p. 120. Also, Report on'the Health of Cornish Miners , by&Haldane, Martin"and Thomas. 
Blue Book [Cd. 2091], 1^04, Published by Eyre & Spottiswoode. 

3 Arch, /^Hygiene, 21. 
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dust in "the air of rooms and workshops as determined by Hesse 1 anc 
by C. Arens ; 2 the data are expressed in mg. per cubic metre. 


Study . * . 

. 

. * 0 

Living room . 

, , t 

i*6 

Laboratory - . 

• 

i *4 

Stoneworkers 5 workshop (half in the open air) 

* 8*7 

Artificial wool factory (combing-room) . . 0 . 

7-0 

?} „ (cutting-room) 

20-0 

Saw-mill 

• 

15 - 17*0 

Mills . . V 

. 4*4, 

22, 28, 47 

Iron foundry. — Experiment I. 

Commencement of work 

i -5 

Experiment II. 

Few workmen present . 

12-0 

Experiment III. 

Cleaning-room . 

. 71-7 

Snuff factory . 


. 1672 

Felt shoe factory 

. 

175 

Q ement works (a) during work 

• 

224 

(b) during interval 

. 

ISO 


III.— The Estimation in Air, of the Impurities associated 
with Specific Industries 

The impurities included in this division arise in most cases frorr 
specific manufacturing operations, and may occur in the air of the works 
concerned or in that of their more immediate surroundings. 

* I* Chlorine, Bromine, and Iodine. 

As large a quantity of aif as possible is passed through 1 5 to 20 c.c 
of a freshly prepared, colourless solution of potassium iodide, and ther 
through a vesscd containing NJ 10 sodium thiosulphate solution. Ir 
presence of chlorine or bromine, the potassium iodide solution is colourec 
brown by the liberated iodine. The solution is washed into a beaker 
#nd the iodine titrated with JV/10 or Njioo sodium thiosulphate ; 1 c.c 
Njxo sodium thiosulphate corresponds to 7*996 mg. of bromine and tc 
3-545 mg. of chlorine. The quantity of iodine vapour which has beer 
carried over frojn the potassium iodide solution to the sodium thio 
sulphate receiver is determined by titrating with Njioo iodine solution 
an 3 iss^dded to the amount found by direct titration. 

Iodine is similarly estimated by absorption with a solution of potas 
slum iodide ; 1 c,c. Njl<S sodium thiosulphate* = 12*697 mg. of iodine. 

* 1 

2. Phosphorous Trichloride. 

Phosphorous trichloride is converted quantitatively into phosphorou: 
and hydrochloric acids in presence of water. The air to be examined ii 
passed through a solution of sodium hydroxide and the hydrochloric 

acid determined. 3 

* « 

1 Dingl poiyt.J) 1881, 240, 52. 


3 Arch,/. hlygiene ) 21. 
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* 3. Hydrofluoric Acid. 

According to Fellner, 1 hydrofluoric acid, if present in considerable 
quantities, can be absorbed in potassium hydroxide solution and titrated" 
with phenolphthalein as indicator after boiling ; any hydrofluosilicic acid 
formed behaves similarly to hydrofluoric acid in the titration. If the 
solution is not boiled t the results are too low. 

The quantitative determination of minute traces of hydrofluoric acid, 
such as occur in the vicinity of aluminium ^works in which aluminium 
fluoride is used, is a matter of extreme difficulty. 2 /■ • , * 

4. Cyanogen and Hydrocyanic Acid. 

Potassium hydroxide absorbs both hydrocyanic acid and cyanogen 
from the air, according to the'equations : — 

(CN), + 2KOH = KCN + KCNO + H„ 0 . 

HCN + KOH = KCN + H, 0 . ‘ 

Hydrocyanic acid is very seldom found in the air in quantities 
sufficient for titration. The absorption by alkali hydroxide takes place 
quantitatively. The estimation of the absorbed gas is effected either 
by titration with silver nitrate or iodometrically. l'n the former method 
the liquid is faintly acidified with sulphuric acid, as much chalk as will 
cover the point of a knife added together with a few drops of potassium 
chromate, and then titrated with silver nitrate solution ufltil a r brownish 
coloration appears. One c.c. N( 10 silver qitrate = 2702 mg. HCN. 

In the iodometric determination the alkaline solution is neutralised 
by the addition of sulphuric acid and chalk, and titrated with iodine in 
presence of starch ; x c.c. Njioo iodine solution = 1-35^ mg. HCN. 

KCN + I„«CNI + KI. 

If, as is generally the case, cyanogen has to be determined in absence 
of hydrocyanic acid, the estimation is similarly carried out; 1 c.c. Njio 
silver nitrate solution = 5-2 mg. (CN) 2 . 

5. Hydrogen Phosphide (PH S ). r 

Only traces of this extremely poisonous gas occur in the ait- of 
laboratories and of works. The best method for the estimation'of such 
minute quantities is to p^s a large volume of the air either through 
nitric acid or thrGugfy. bromine water, and to determine the-, phosphoric 
acid formed in the usual way ; 2 1 mg. P 2 0 6 =o -48 mg. PH S . Volumetric 
methods are not applicable. 

6 . Hydrogen Arsenide. 

This gas is readily detected in the air by its garlic-like odour, even 
when present in such myiute quantities that i£ can scarcely be deter- 

1 Chem, Zeil., 1895, 39, 1143. 2 c/. Wislicenus, Z. angew. Chtm ., 1901, 14, 705. 

z Of* Yokote, Arch .f Hygiene, 49. 
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mined- quantitatively ; it can also be detected by passing the air through 
a solution of silver nitrate (if hydrogen sulphide and hydrogen phosphide 
'are known to be absent) by the darkening of the solution. 

For the quantitative estimation, the air is passed through a series of 
wash-bottles containing silver nitrate solution, the* excess of silver 
nitrate precipitated as chloride with hydrochloric, acid, and the arsenic 
determined in the filtrate as Mg 3 As 2 0 7 . 

2 AsH s + i 2 AgN © 3 + 3 H, 0 - ASoO,+ 12HNO0+ 12 Ag. 

1 * . 4 " " 

7. Mercury Vapour. 

Mercury vapour may be detected qualitatively in the air by exposing 
strips of gold leaf in suitable places, ana* observing whether any grey 
coloration is formed. A better method is that due to Kunkel, in which 
the dry air is passed through a tube from 2 to 3 mm. wide and 25 cm. 
long, and slightly bent in the middle, containing a few particles of 
iodine ; a deposit of red or reddish-yellow mercuric iodide is formed 
just beyond^ the iodine if any mercury vapour is present in the air, and 
the quantity may be approximately gauged. The air should not pass 
through the tube at a greater rate than 1 litre in from eight to ten 
minutes. 

For the quantitative determination, a useful method is to absorb 
the merefiry vapour in weighed tubes or flasks containing gold leaf. 1 

Kunkel has also shown th'at his qualitative test can be used for the 
quantitative estimation of mercury vapour. The^ deposited mercuric 
iodide is dissolved in potassium iodide, filtered from any particles of 
solid iodine present, and sufficient sodium hydroxide added to the 
filtrate to combine with any free iodine. The mercury is then deter- 
mined colorimetrically as the black sulphide by adding ammonium 
sulphide to the solution, and comparing the coloration with that 
imparted to faintly alkaline solutions of mercuric chloride on similar 
treatment ; or ^:he mercury may be deposited by electrolysis and 
weighed. 2 The maximum quantity of mercury vapour which can be 
pr£sen^m 1 cb.m, of air at o° is approximately 2 mg. ; at io°, 6 mg. ; at 

20°, 14 mg. ; and at 30°, 31* mg. 

* 

* 

8. Carbon Bisulphide. ’ 

This can generally.be detected qualitatively by its characteristic 
smell. For the quantitative determination, Lehmann 3 recommends 

the method due to Gastine, in which the carbon bisulphide is absorbed 

* 

1 Cf Hiller and Raumer, Forschungsherichte iiber Lebensmittel, I, 32 ; also, Renk, Arb. (L 

Cesundheitsamts , 5 » * * 3 * * 9 

2 Cf Kunkel and Fessel, Verhandl. der pkys,-med. Gesellsck Wurzburg, 32, x. 

3 K. B. Lehmann, Arch.f Hygiene , 20^ • 
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by a concentrated solution of potassium hydroxide in 96 pet* cent, 
alcohol, when.it is completely -converted into potassium xanthate. 

yOCM, * 

CS., + C,H.OH + KOH = CS +H.,0. 

- - - J \ 

X SK 

For the estimation* the contents of the absorption flask are washed 
out with a mixture of equaf parts of alcohol and water, slightly acidified 
with acetic acid, and neutralised with calcium carboijate. A solution 
of starch is then added, together with a quantity of water about equal 
to that of the alcoholic potassium hydroxide originally employed, and 
the liquid titrated with a solution of iodine containing 1-668 g. per litre 
until a faint blue coloration is obtained. One c.c. of iodine solution 
corresponds to x mg. of CS 2 , according to the equation : — 

^-OCoHj S-CS— O— C.,H 5 

2CS + I 2 = +2HI. 

Nsh s— cs— 0— g,h 5 

Xanthic acid, Xauthic persulphide . 

Schmitz-Dumont 1 passes the carbon bisulphide vapour through 
a mixture of 50 c.c. of 5 per cent, silver nitrate solution and 5 c.c. of 
aniline, which is kept at a temperature of 60' 3 . The following reactions 
take place : — - 

CS 4 + 2C 0 H 5 NH, = CS(C (! H’ 0 NH) 3 + ITS, 

H.,S + Ag.,0 = Ag.,S + H.,0, 
gS(C;H 5 NH) 2 + Ag,0 = c6 (C 0 H*NH)., + Ag.rS. 

The silver sulphide thus formed is filtered off, fused with sodium 
carbonate and nitre, and the resulting sulphuric acid determined as 
barium sulphate. 

9. Ether Vapour. 

Ether vapour«may be absorbed quantitatively from an enclosed 
volume of air by sulphuric acid of sp. gr. 1-84 in about- thirty minutes, 
and may thus be determined volumetrically. 2 

At io° the vapour tension of ether is 286 mm. ; saturated "air 
contains 38- 1 per cent, by volume. , 

At 20 0 the Tiapour tension of ether is 435 mm.; saturated air 
contains 58 per cent. f>y volume. 

At 30° the vapour tension of ether is 637 mm. ; saturated air 
contains 84-9 per cent, by volume. 

10. Mercaptan. 

* Rubner has propose^ several reactions for the detectipn of this 
intensely disagreeable smelling gas, which occurs in small quantities in 
1 Chan. Stit., 1897, 21, 487, 510. 2 Cf Horwitz, Medical Dissert., Wurzburg, 1900. 
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animal, ‘exhalations, on boiling vegetables, and in the air of some drain?. 
As a qualitative test he recommends the«grass-green coloration imparted 
to porous eartfienware soaked with a solution of isatin in sulphuric 
acid ; the air should be dried over calcium chloride, and then passed 
through tubes containing the pieces of earthenware. First a green and 
then a bluish-green colour is obtained. A quantitative determination 
in air *is scarcely practicable; when lead nitrate is used as an 
absorbent, quantitative results are only obtained if very precise 
conditions are observed in ^regard to the concentrations of the solution 
employed. 1 

ii. Aniline. 

No method has hitherto been worked out for the determination of 
aniline in air. According to experiments by Lehmann, however, good 
results may be obtained as follows : — The aniline is absorbed by passing 
the air through two absorption vessels connected in series, containing 
io per cent, sulphuric acid (not hydrochloric) ; the bulk of the acid is 
then neutralised, and the solution titrated with bromine solution, the 
strength of. which has been previously determined with potassium 
iodide and sodium thiosulphate. The bromine solution is prepared by 
dissolving 3 to 4 g. of bromine in 1 litre of water, and adding sodium 
hydroxide until the colour of the solution is changed from brown to 
yellow. Jhe action of the sodium hydroxide is as follows: — 

Br, + 2 NaOH = NaBrO + NaBr + H 2 0. 


On addition of acid, the whole of the bromine is again liberated. 
This solution has the advantage of keeping belter. than bromine 
water. * 

The bromine reacts with the aniline to form tribromoaniline, accord- 
ing to the equation : — 

3 Br, + Q If -NIL « C 0 H 3 Br 8 NH a + 3HBr. 

Lehmann has carefully tested this reaction, with tl>e object of apply- 
ing it as a volumetric method. According to the equation, x c.c. of'Nfio 

Q. 7 

brotniqe solution = ~= 1-55 mg. aniline. 


Example : — 10 c.c. of bsomine solution were acidified, treated with 
potassium iodide, and titrated with Njio ""sodium thiosulphate; the 
quantity required was 5-95 c.c. ; hence the 10 c.c. '’contained 5-95 c.c. of 
N/iO bromine solution. The sulphuric acid in the two absorption vessels 
was nearly neutralised and then made up to 250 c.c. ; 25 c.c. required 
15-7 c.c. of bromine solution, therefore 250 c.c. corresponded to 157 cc. 

of Bromine solution = — — mg. of aniline. Hence the air 

contained 145 mg. of aniline. By direct weighing ®f the flask^from 

1 Cf, Rubner, Arch.f Hygiene , 19, 1$^. ♦ 
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* \vhich the aniline had been obtained bypassing a current of ‘dry air, 
the loss of aniline was found* to be 144 mg. The method is also 
applicable to the determination of very much smallet quantities of 
aniline. 

Effects of the Impurities in Air 

The gaseous impurities present in air may produce injurious effects 
upon man either on account of the diminution they cause in the per- 
centage of oxygen present, or because of J:heir direct ^poisonous action; 
similarly they may cause direct injury to vegetation. The chief 
impurities in these respects are the following: — Excess of carbon 
dioxide, deficiency of oxygen, sulphur dioxide, hydrogen sulphide, 
carbon monoxide, and dust 

The table on page 909, prepared by Lehmann, gives a summary of 
his own investigations, together with those of his pupils, on the injurious 
effects of impurities that may be present in air. The data were 
obtained by experiments on cats ; those given in columns 2 and 3 were 
confirmed, in a number of instances, by experiments on map. 

The concentrations given in column 4 would probably be harmless 
even on prolonged inhalation, in most cases. This has been proved for 
many of the gases, but requires further investigation in other cases. 
According to Lehmann, man gradually becomes c&pable <*f withstanding 
from three to four times as much sulphur dioxide as at first, without 
harmful effects ; 1 this holds also for ammonia and for chlorine in the 
case of animals, but not for hydrogen sulphide. 2 

The injurious effects of impurities in air hav$ also been very 
thoroughly studied by Haldane, especially in relation to the air of 
collieries and mines, and to poisoning by carbon monoxide. The results 
of his experiments are given in The Investigation of Mine Air, by Foster 
and Haldane, pp. 142-56, and are also embodied in the following 
Government Reports ; the data include suggestions as to the permissible 
limits that should be assigned to the more important *»f the impurities 
dealt with : — 

< Causes of Death in Colliery Explosions and Underground Fires „ 
[C. 8112], 1896. 

The Composition of thi Air in the Metropolitan and other Railway 
Tunnels , 1897. * 

Manufacture and use of Water Gas , and other Gases containing a 
large proportion of Carbonic Oxide . Report of the Departmental Com- 
mittee [C. 9164], 1899. 

Ventilation of Factories and Workshops. First Report of *the 
♦Departmental Committee [Cd. 1302], 1903^ Second Report [Cd. 
35533 ; 1 907 ; Parfc IF, Appendix [Cd. 3553], 1908, 

m 1 Arch./. Hygiene, 18. 2 Arch. f. Hygiene, 34. 
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* The Health of Cornish Miners . Haldane, Martin, and Thomas [Cd. 
2091], 1904. 

The Use of Water Gas and other Gases in Factories* Home Office 
Memorandum, 1906. 

The effect of«air impurities, especially in association with fog, upon 
cultivated plants has been investigated by Oliver, 1 and H. Wislicenus 2 has 
studied the injurious action of a number of impurities upon vegetation. 

According to the latter*author, acids, etc., act harmfully in the follow- 
ing order, the last mentioned being the most'injurious : # HC1, SO*, H 0 S0 4 
Cl, HF, SiF 4 , H 2 SiF 6 . # ‘ 

Sulphurous acid is harmless in a concentration of 000001 to o-oooi 
per 1000, but 0-0002 per 1000 has a distinctly injurious effect after one 
year’s action; o-ooi per 10OO acts harmfully in the course of a few 
weeks, and o-oi per 1000 kills plants in a few days. An Nj 200 solution 
of hydrofluosilicic acid affects pines and firs very markedly if they are 
sprayed with it seventeen times in the course of a few days. 

Appendix— Tobacco Smoke 

Although the investigation of tobacco smoke is »ot, strictly speaking, 
a branch of air analysis, it may be of interest to include an outline of 
" the methods employed by Pontag 3 in his recent work on the subject. 

The chief products of interest in tobacco smoke are nicotine, pyridine, 
ammonia, carbon monoxide, and hydrocyanic acid. ThS method 
adopted by Pontag for their estimation is lo aspirate the smoke through 
two bottles containing 10 per cent, sodium hydroxide solution, and then 
through three bottles containing 10 per cent, sulphuric acid. The alkali 
from the two bottles is combined, and all basic products removed by 
steam distillation. The residue is treated with ether to remove tarry 
matter, and then gradually acidified with dilute sulphuric acid, thg 
solution being kept cool during the addition. The hydrocyanic acid is 
then distilled off, collected in dilute potassium hydroxide solution, and 
converted to Prussian blue, which is collected and weighed Fifty g. of 
tobacco yielded between 12 and 4*5 mg. of Prussian blue, correspond- 
ing to approximately between 5 and 2 mg. of hydrocyanic add, sfnce 
858-8 g. of Prussian blue correspond to 485-6 g. of hydrocyanic acid The 
remaining solution is added to the contents of bottles 3, a, and 5, the 
latter having been previously extracted with ether. The combined 
liquid is rendered alkaline, and the nicotine, pyridine, and ammonia 
distilled off with steam into a receiver containing acetic acid, and the 
distillate again subjected to steam distillation. This second distillation 
removes the pyridine and its homologues, together with some acetic add, 
but no trace of nicotine or of ammonium acetate passes over. The 

1 /. Royal Horticultural Society , 1893, l6, I* 2 Z angew. Chem t ,, 190I, 14, 689, 

3 Z Unters, JVa/ir. u. Genussm t) 1903, 6, 646. 
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distillate, containing pyridine acetate and excess of acetic acid, is made 
alkaline, the pyridine distilled off, the distillate diluted to 500 c.c., and 
.titrated in quantities of 100 c.c. with JV/10 acid, methyl orange being 
used as .indicator. One c.c. NJ 10 acid = 7-9 mg. pyridine. (Quantity 
used = « c.c.) The residual liquid, containing nicotinq and ammonium 
acetate, is distilled with sodium hydroxide and the distillate collected in 
cold w^ter ; the distillation is continued until a fetv drops of the liquid 
passing over give no further precipitate with? potassium-bismuth iodide. 
It is then diluted to 1 litre, ‘and 200 c.c.' titrated with NJ 10 acid, using 
rosolic acid as indicator. (Quantity used = £ c.c.) In a second portion 
of 200 c.c., the nicotine is precipitated with potassium-bismuth iodide 
after acidification with sulphuric acid. The precipitate is filtered off, 
brought into a glass cylinder whilst still, moist, 20 c.c. of 15 per cent, 
sodium hydroxide solution added, and the liquid extracted with 100 c.c. 
of a nTixture of equal volumes of alcohol and petroleum ether. After 
prolonged standing, 50 c.c. of the mixture are filtered off, and the 
contained nicotine titrated with NJ 10 acid, using iodoeosine as indicator, 
according to C. Keller’s method. (Quantity used — c c.c.) 

The total quantifies of the bases present in the total distillates are 
then : — 

5 x<:x 1 6-2 mg. Nicotine, 

5-X«X7*9 mg. Pyridine, 

5 (b~c)x 1-7 mg. Ammonia. 

• 

The smoke from ioo g. of tobacco was found to contain about i-i6g. 
nicotine, 0*36 g.jammonia, and 0-15 g. pyridine; approximately, 50 per 
cent of the nicotine in the tobacco passed into the smoke and 22 per 
cent condensed in the mouthpiece used. Experiments by Lehmann and 
F. Schmitt, by a method similar to the above, showed that when cigarettes 
were smoked to the end, and great care was taken to secure complete 
absorption of the products of combustion, approximately 88 per cent of 
the nicotine contained in the tobacco was found in tht smoke. 

For the estimation of carbon monoxide in the smoke, Pontag 
usq 3 the method described on p. 894. One hundred g. of tobacco 
yielded* about 4124 c.c of carbon monoxide. The smoke from one 
cigarette, according to tjiese data, yields 5 npg. of nicotine, 1-5 mg. of 
ammonia, <*7 mg. of pyridine, 0*03 mg. of hydrocyanic acid, and 18 c.c. 
of carbon monoxide. 
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TABLE III. 


Table for correcting the Volume of Water or of Dilute Standard 
Solutions (N /5 or more dilute) to 15 °. 

This is a more convenient form, for practical work, of the Table on p. 46. 

If the temperature of the solution is it is multiplied by the factor in column a , to 
correct the volume to 15 0 ; or the value in column b is deducted from the 
observed volume. 



a. 

b. 


a. 

5. 


% 

Factor. 

Value in c.c. to 
be deducted from 
each 100 c.c. 

t\ 

Factor. 

Value in c.c. to 
be deducted -from 
each 100 c.c. 

15 

• 1,0000 * 

0 

23 

0,9986 

0,135 

* 

16 

0,9999 

0,018 

24 

0,9984 

0,156 

17 

0,9997 

0,027 

25 

0,9982 

0,179 

18 

0,9996 | 

• 

0,042 

26 

0,9980 

’ 0,202 

19 

0,9994 j 

0,059 

27 

0,9977 

0,227 

20 

0,9992 

0,076 

28 

0,9975 

0,252 

21 ! 

0.9991 

0,095 

29 

0,9972 

0,278 

22 

0,9989 

0,114 

30 

0,9970 m 

0,305 




TABLE IV. (Text, p. 128.) 

Dietrich’s Table for the Absorption of Nitrogen.* 

f' 

In 60 c.c. generating liquid (50 c.c. hypobromite solution and 10 c.c. water), 
the hypobromife solution having the sp. gr. m , and of such strength 
that 50 c.c. correspo?fd to 200 mg. N when from 1 to 100 c.c. of gas 
are evolved. 9 * M 


Liberated . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Absorbed . 

0*06 

0*08 

o-ll 

0*13 

0*16 

0*18 

0*21 

0*23 

0*26 

0*28 

Liberated , 

11 

12 

13 

14 

15 

16 

17 

18 

19* 

20 

Absorbed . 

0*31 

0*33 

0*36 

0*38 

0-41 

0*43 

0*46 

0*48 

0*51 

0*53 

Liberated . 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Absorbed . 

0*56 

0*58 

0*61 

0*63 

0*60 

0*68 

£71 

0-73* 

0*76 

0*78 

Liberated , 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

Absorbed , 

0*81 

0*83 

0*86 

0*88 

0*91 

0*93 

. 0*96 

0*^8 

1*01 

1*03 

Liberated ♦ 

41 

42 

43 

44 

45. 

46 

47 

48 

*49 

50 

Absorbed . 

1*06 

1*08 

1*11 

1*13 

1*16 

1*18 

1*21 

1*23 

1*26 

1*28 

Liberated . 

1 51 

52 

53 

54 

55 

56 

57 # 

58 

59 

00 

Absorbed . 

1*31 

1*33 

1*36 

1*38 

1*41 

1*43 

1*46 

1*48 

1*51 

1-63 

Liberated . 

61 

62 

63 

84 

65 

66 

67 

68 

i 

69 

70 . 

Absorbed * 

1*56 

1*58 

1*61 

1*63 

1*68 

1*68 

1*71 

1*73 

1*76 

1-78 

Liberated . 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

Absorbed . 

1*81 

1*83 

1*86 

1*88 

1*91 

1*93 

1*96 

1*98 

2*01 

2-03 

« 

Liberated . 

81 

82 

83 

84 

85 

86 

87 

88 

& 

90 

Absorbed . 

2*06 

r 

2*08 r 

*2*11 

2*13 

2*16 

*2*rs 

2*21 

2*23 

2*26 

2*28 

Liberated . 

91 

92 

93 

94 

95 

96 

97 

98 

99" 

100 

Absorbed . . 

2*31 

2*33 

2*36 

2*88 

2*41 

2*4$ 

2*46 

2*48 

2*51 

2*53 




Ii\ Milligrams , at pressures from 720 to 770 Millimetres of Mercury , ana 1 emperatures 
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1-11X45 1-11451 1-11757 1-12063 1-12369 1-12675 1-12982 1*13288 1-13594 1-13900 1-14296 1-14512 , 1-14818 

1-10M1 1-10886 1-11191 1-11496 1-11801 1-12106 1-12411 1-12716 1-13021 1-13326 1-13631 1-13936 1^14241 

1*19012 1-10316 1-10620 1-10924 1*11228 1-11532 1-11835 1-12139 1 '12443 1-12747 1-13(551 1313355 1-13659 

1-09437 1-0974P 1-10043 1-10346 1-10649 1-10952 1-11255 1-11558 1*11861 1 '12164 1-12467 1-12770 1*13073 
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TABLE VI. 


Table for reducing the Volume of a Gas to o° C. 


0 ° 

1 ° 

• 

• 

2° 

3° 

4° 

5 ° 

6 ° 

r 

s° 

9° 

i 10 ° 

1 

0*996 

0*993 

0*989 

0*986 

0*982 

0-978 

0-975 

'‘ 1*972 

0*968 

0*965 

2 

1*993 

1*985 

1-978 

1*971 

1*964 

1-957 

1*950 

1*943 

1*936 

1*929 

3 

2*989 

2-978 

2*967 

2*957 

2*946 

2*936 

2 *$25 

2*915 

2-904 

2*894 

4 

* 3*985 

3-971 

3*956 

3-942 

* 3*928 

3*914 

3*900 

3*886 

3-872 

3*859 

5 

4*982 

4*964 

4*946 

4*928 

4*910 

4 * 89 « 

4-875 

4*858 

4*841 

4*824 

*6 

* 5*978 

5 * 9*6 

5*935 

* 5-913 

5*892 

* 5-871 

5*850 

5*830 

5*809 

5-788 

7 * 

6-974 

6*949 

6*924 

# 61899 

6-874 

6*850 

6-825 

6*801 

6-777 

6-753 

8 

7-970 

7-942 

7-913 

7-885 

7*856 

7-828 

7-800 

7-773 

7-745 

7-718 

9 

8-967 

8*934 

8*902 

8-870 

8*838 

8-807 

8-775 

8-744 

8-713 

8*682 

10 

9*963 

9 - 927 . 

9*891 

9*856 

9*820 

9*785 

9-750 

9-716 

9*681 

9-647 

11 

10*96 

10*92 

10*88 

10*84 

10*80 

lff -76 

10-73 

10*69 

10*65 

10*61 

12 

11*96 

11*91 

11-87 

11*83 

11-78 

11-74 

11-70 

11*66 

11*62 

11*57 

13 . 

12*95 

12-91 

12-86 

12*81 

12-76 

12-72 

12*68 

12*63 

12*59 

12*54 

14 

13*95 

13*90 

13*85 

13*80 

13-75 

13-70 

13*65 

13*60 

13*55 

13*50 

15 

14-95 

14*89 

14*84 

14-78 

14-73 

14*68 

14*63 

14-57 

14*52 

14-47 

16 

15*94 

15*88 

15*83 

15*77 

15-71 

15*66 

15*60 

15*55 

15*49 

15*43 

17 

16*94 

16*87 

16*82 

16*75 

16*69 

16*64 

16*58 

16*52 

16*46 

16*40 

18 

17 - 93 . 

17-87 

17-81 

17*74 

17-67 

17*61 

17-55 

17-49 

17-43 

17-36 

19 

18*93 

18*86 

118*79 

18*72 

18*65 

18*59 

18*53 

18*46 

18*39 

18*33 

20 

19*93 

19*85 

19*78 

19-71 

19*64 

19-57 

19*50 

19*43 

19*36 

19*29 

21 

20*93 

20*84 

20-77 

20*69 

20*62 

20*55 

20*48 

20*40 

20*33 

20*26 

22 

21*92 

21*84 

2 J *76 

21*68 

21*60 

21*53 

21*45 

21*37 

21*30 

21*22 

23 

22*92 

22*83 

22*75 

22*66 

22-58 

22-51 

22*43 

22*35 

22*26 

22*18 

24 

23*92 

23*82 

23*74 

23*65 

23*56 

23*48 

23*40 

23*32 

23*23 

23*15 

25 

24*91 

24-81 

24*73 

24*64 

24*55 

24*46 

24*38 

24*29 

24*20 

24*11 

26 

25*91 

25-81 

25*72 

25*62 

25*53 

25*44 

25*35 

25*26 

25*17 

25*08 

27 

26*90 

26-80 

26*71 

26*61 

26*52 

26*42 

26*33 * 

26*23 

26*13 

26*04 

28 

27*90 

27 - 7 ^ 

27*69 

27*59 

27*50 

27*40 

27*30 

27*20 

27*10 

27*01 

29 

28*90 

28-78 

28*68 

28*58 

28*48 

28*38 

28*28 

28*17 

28*07 

27*97 

30 

29*89 

29-78 

29*67 

29*57 

29*46 

29*36 

29*25 

29*15 

29*04 

28*94 

31 

30*89 

30-77 

30*66 

30*55 

30*44 

30*34 

30*23 

30*12 

30*01 

29*91 

32 

31*88 

31-76 

31*65 

31*54 

31*42 

31*32 

31*20 

31*09 

30*98 

30*87 

33 

32*88 

32-76 

32*64 

32*52 

32*40 

32*30 

32*18 

32*06 

31*94 

31*84 

34 

33*88 

33-75 

33*63 

33*51 

33*38 

33*27 

33*15 

33*03 

32*91 

32*80 

35 

34*87 

34-74 

34*62 

34*50 

34*37 

34*25 

34*13 < 

* 34*01 

33*88 

33*77 

36 

35*87 

35*74 

35*61 

35*48 

35*35 

35*23 

35*10 

34*98 

34*85 ’ 

34*73 

•87 

36*87 

36-73 

36*60 

36*47 

36*33 

36*21 

36*08 

35*95 

35*82 

35*70 

38 

47*86 

37-72 

37*59 

37*45 

37*32 

37*19 

37*05 

36*92 

36*79 

36*66 

39 

38*86 

38-71 

38*58 

38*44 

38*30 

38*16 

38*03 

37*89 

37*75 

37*62 

40 

39*85 

39-71 

39 * 5 g 

* 39*42 

39*28 

39 * 14 t 

39*00 

38*86 

38*72 

38*59 

41 

40 - 8 /f 

40-70 

40*55 

40*41 

40*26 

40*12 

39*08 

$ 9*83 

39*69 

39*55 

42 * 

41*85 

41-69 

41*54 

41*39 

41*24 

41*10 

40*95 

40*80 

40*66 

40*52 

43 

42*84 

42-68 

42*53 

42*38 

42*22 

42*08 

41*93 

41*78 

41*62 

41*48 

44 

43*84 

43-68 

43*52 

43*37 

43*20 

43*05 

42*90 

42*75 

42*59 

42*45 

45 

44*84 

44-67 

44*51 

44*35 

44*19 

44*03 

43*88 

43*72 

43*56 

43*41 

46 

45*83 

45-66 

45*50 

45*34 

45*17 

45*01 

44*85 

44*69 

44*53 

44*38 

^7 

46*83 

46-65 

46*48 

46*32 

46*15 

45*99 

45*83 

45*66 

45*50 

45*34 

48 

47*83 

47-65 

47*48 

47*31 

47*13 

46*97 

46*80 

46*63 

46*47 

46*31 

49 

48^2 

48-64 

4847 

48*29 

48*12 

47*95 * 

47*78 

47*60 

47*44 

47 * 2 ? 

50 

49*82 

49-64 

49*46 

49*28 

49*10 

• 

48*93 

48*75 , 

► 48*58 

48*41 

• 

48*24 
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* Table for reducing the Volume of a Gas to o° C- — Continued. 


0° 

r * 

2° 

r 

4*' 

— 

6* 

V 

8* * 

r 

10* 

51 

50*82 

50 * 63 * 

50*45 

50*26 

50*08 

49*91 

49-73 

49*55 

49-38 

49*21 

52 

51*81 

51*62 

51*44 

51*25 

51*06 

50*89 

50*70 

50-52 

50*35 

50-17 

53 

52*81 

52-02 

52*43 

52*24 

52*05 

51*87 

51*68 

51*49 

51*31 

51*13 

54 

53*81 

53*61 

53*42 

53*22 

53*03 

52*84 

52*65 

52*46 

52*28 

# 52*10 

55 

54*80 

54-60 

54-41 

54*21 

54-01 ‘ 

53*82 

53*63 

53*44 

53*25 

53*06 

56 

55*80 

55-60 

55-40 

55*19 

* 54-99 

54*80 ' 

54*60 

54-41 

54*22 

54*03 

57 

56*80 

56*59 

56-39 

56*18 

55-97 

55 - 7 $ 

• 55*58 

55^8 

55*19 

54.-99 

58 

57-79 

57-58 

57-37 

57*16 

56-95 

56*76 

56*55 

56*35 

56*15 

55*96 

59 

58-79 

58-57 

58*37 

58*15 

57-93 

57-74 

57*53 

57-32 

57*12 

56-92 

60 

59-78 

59*56 

59*35 

59*13 

58*92 

58*71 

58*50 

58*30 

58*09 

57*88 

61 

60-78 

60*56 

60*34 

60 * 12 # 

59*90 

59*69 

59*48 

59-27 

59*06 

58*85 

62 

61-78 

61-55 

61*33 

61-10 

60-88 

60-67 

60*45 

60*24 

60*03 

59*81 

63 

62-77 

62-54 

62*32 

62*09 

61*86 

61*65 

61-43 

61-21 

60*99 

60*77 

64 

63-77 

63*53 

63*31 

63-07 

62*84 

62-63 

62*40 

62*18 

61*96 

61-74 

65 

61-76 

64*53 

64*30 

64*06 

63*83 

63*61 

63-38 

63*15 

62*93 

62-70 

66 

65-76 

65*52 

65*29 

65*04 

64-81 

64*58 

64*35 

64*13 

63*89 

63*67 

67 

66-75 

66*51 

66-27 

66*03 

65-79 

65*56 

65*33 

65*10 

64*86 

64*63 

68 

67*75 

67-50 

67-26 

67*02 

66*77 

66*54 

66*30 

66*07 

65-83 

65*60 

69 

68*75 

68*50 

68*25 

68*01 

67-75 

67*52 

67*28 

67*04 

66-80 

66*56 

70 

69*74 

69*49 

69*24 

68*99 

68-74 

68*50 

68*25 

* 68-01 

67-77 

67*53 

« 71 

70*74 

70'48 

70*23 

69*98 

69-72 

69*48 

69*23 

68*98 

68*74 

68-49 

72 

71-74 

71-48 

71-22 

70-96 

70-70 

70-46 

70-20 

69*95 

69*71 

69-46 

73 

72-73 

72-47 

72-21 

71-95 

71-69 

71-44 

71 * 18 " 

70*93 

* 70-67 

70-42 

74 

73-73 

73-46 

73-20 

72-93 

72-66 

72-41 

72*15 

71-90 

71 - 6 * 

71*39 

75 

74*72 

74-45 

74*19 

73*92 

73*65 

73*39 

73*13 

72*87 

72*61 

72*35 

76 * 

75*72 

75-45 

75*18 

74*90 

74*63 

74*37 

74*10 

73*84 

73*58 

73*32 

77 

76*72 

76-44 

7£*17 

75*89 

75*61 

75*35 

75*08 

74 * 8 JL 

74*55 | 

74*28 

78 

77*71 

77-43 

77*15 

76*87 

76*59 

76*33 

76*05 

75*78 

75*51 

75*25 

79 

78*71 

78-42 

78*14 

77*86 

77*58 

77*31 

77*03 

76*75 

76*48 ! 

76*21 

80 

79*70 

79-42 

79*13 

78*85 

78*56 

78*28 

78*00 

77*73 

77*45 

77*18 

81 

80*70 

80-41 

80*12 

79*83 

79*54 

79*26 

78*98 

78*70 

78*42 

78*14 

82 

81*69 

81-40 

81*11 

80*82 

80*52 

80*24 

79*95 

79*67 

79*39 

79*11 

83 

82*69 

82-39 

82*10 

81*81 

81*51 

81*22 

80*93 

80*64 

80*36 

80*07 

84 

83*69 

83-39 

83*09 

82*79 

82*49 

82*20 

81*90 

81*01 

81*32 

81*04 

85 

84*68 

84-38 

, 84*08 

83*78 

83*47 

83*17 

82*88 

82*58 

82*29 

82*00 

86 

& 5*68 

85-37 

85*07 

84*76 

84*45 

84*15 j 

83*85 

83*55 

83*26 

! 82*97 

87 

86*68 

86-37 

86*06 

85*75 

85*43 

85*13 

84*83 

84*53 

84*23 

; 83*93 

88 

87*67 

87-36 

87*05 

86*73 

86*42 

86*11 

85*80 

85*50 

85*20 

84 * 9 ? 

89 : 

88*67 

88-35 

88*04 

87*72 

87*40 

87*09 

86*78 

86*47 

86*16 f 

* 85*86 

90 

89*67 

89-34 

89*02 

88*70 

88*38 

88*07 

87*75 

87*44 

87*13 

86*82 

91 

90*66 

90-84 ■ 

k 90*01 

89*69 

89*36 

89*05 

! 88*73 

88*41 

8 SflO 

87*79 

92 

91*66 

91-33 

91*00 

90*67 

90*34 

90*03 

89*70 

89*88 

89*07 

48*75 

93 

92*66 

92*32 

91*99 

91*66 

91*38 

91*01 

90*58 

90*36 

90*03 

89-72 

94 

93*65 

93-31 

92*98 

92*64 

92*31 

91*98 

91*25 

91*33 

91*00 

90*68 

95 

94*65 

94-31 

93*97 

93*63 

93*29 

92*96 

92*63 

| 92*80 

91*97 

91*65 

96 

95*65 

95-80 

94*96 

94*61 

94*27 

93*94 

93*60 

93*27 

92*94 

92*61 

97 

96*64 

96-29 

95*95 

95*60 

95*25 

94*92 

94*58 

94*24 

93*91 

: 93 * 5 * 

98 

97*64 

97-28 

96*93 

96*58 

96*24 

95*90 

95*55 

95*21 

94*87 

; 94*54 

^99 

98*64 

98-27 

97*92 

97*57 

97*22 

96*87 

96*53 

96*18 

95*$4 

95*50 

100 

99*63 

rn 

r 

99-27 

98*91 

98*56 

98*20 

97*85 

97*50 

97*16 

96*81 

96*47 
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Table for reducing the Volume of a Gas to o° C.— Continued. * 


JL 


0 ° 

11 ° 

*12* 

13 ° 

14 ° 

15 ° 

16 ° 

17 ° 

18 ° 

19 ° 

20° 

1 

0-961 

0*958 

0*955 

0-951 

0*948 

0-945 

0*941 

$*938 

0-535 

0-932 

2 

1*923 

1*916 

1*909 

1*903 

1*896 

1-889 

1-883 

1-876 

1*869 

1-864 

3 

2*884 

2-874 

2*864 

2*854 

2*844 

2*834 

2-824 

2*815 

2*805 

2-795 

4 

%3*845 

3*832 

3*818 

3*805 

3-792 

3-779 

3-7^6 

3-753 

3-740 

3-727 

5 

4-807 

4*790 

4*773 

4-757 

4*740 

4-72^ 

4-707 

4-691 

4-675 

4-659 

• 6 

5-768 

5-747 

5*728 

V 708 

5*688 

*5-668 

5*648 

5*629 

5*609 

5*591 

7 * 

6-729 

6-705 

6*682 

• 6- S 59 

6*636 

6-613 

6-590 

6-567 

6*544 

6*523 

8 

7-690 

7-663 

7-637 

7-610 

7-584 

7-558 

7-531 

7-506 

7-479 

7-454 

9 

8*652 

8*621 

8-591 

8-562 

8*532 

8-502 

8-472 

8*444 

8*414 

8*386 

10 

9-613 

9-579 

9*546 

9*513 

9*480 

9-447 

9-414 

9-382 

9*349 

9*318 

11 

10*57 

10*53 

10*50 

10-46 

10*43 

10*89 

10*35 

10*32 

10*28 

10*25 

12 

11*53 

11*49 

11-45 

11*42 

11*38 

11-33 

11-30 

11*26 

11-21 

11*18 

13 

12*49 

12*45 

12*41 

12-36 

12*32 

12*28 

12-24 

12-20 

12*15 

12*11 

14 ' 

1 13*45 

13*41 

13*36 

13-31 

13*27 

13-22 

13*17 

13*13 

13*08 

13*04 

15 

14*42 

14-37 

14*32 

14*27 

14*22 

14-17 

14*12 

14-07 

14*02 

13-97 

16 

15*38 

15*32 

15-27 

15*22 

15*17 

15*11 

15*06 

15*01 

14*96 

14*91 

17 

16-34 

16*28 

16-23 

16-17 

16*12 

16*06 

16-00 

15*95 

15*89 

15*84 

18 

17-30 . 

17*24 

17*18 

17-12 

17-06 

17-00 

16-94 

16*89 

16*82 

16-76 

19 

18*26 

18*20 

18*14 

18*07 

18-01 

17*95 

17-89 

17-83 

17-76 

17-70 

20 

19*23 

19*16 

19*09 

19*03 

18*96 

18'89 

18-83 

18-76 

18*69 

18*64 

21 

20*19 

20*12 

20-04 

19-98 

19-91 

19-84 

19-77 

19-70 

19*62 

19-57 . 

22 

21*15 

21*08 

21*00 

20*93 

20*86 

20-78 

20-71 

20*64 

20*56 

20*50 

23 

22*11 

•22*03 

2 r -95 

21*88 

21-80 

21-73 

21*65 

21*58 

21*50 

21*43 

24 

23*#7 

22*99 

22-91 

22-83 

22-75 

22-67 

22*59 

22-51 

22*43 

22-37 

25 

24*03 

23*95 

23*86 

23 * J 8 

23-70 

23*61 

23*54 

23*45 

23-37 

23*30 

26 

25*00 

24*91 

24*81 

24-73 

24*65 

24*56 

24-48 

24*39 

24-30 

24*23 

27 

25*96 

25*87 

25*77 

25*69 

25*60 

25*50 

25*42 - 

25*33 

25*23 

25-16 

28 

26*92 

26*82 

26*72 

26*64 

26*54 

26*45 

26-36 

26*25 

26-17 

26*09 

29 

27*88 

27*7? 

27*68 

27*59 

27*4-9 

27*39 

27-30 

27-20 

27*10 

27*02 

30 

28*84 i 

28*74 

28*64 

28*54 

28*44 

28*34 

28*24 

28*15 

28'05 

27*95 

31 

29*80 

29*70 

29*59 

29*49 

29*39 

29-28 

2918 

29*09 

28-99 

28*87 

32 

30*76 

30*66 

30*55 

30-44 

30*34 

30*23 

30*12 

30*03 

29*92 

29*81 

33 

31*72 

31-61 

31*50 

31*39 

31*28 

31-17 

31-06 

30-97 

30*86 

30*74 

34 

32*68 

32*57 

32*46 

32*34 

32*23 

32-12 

32-01 

31*90 

31*79 

31 *68 

35 

33*65 

33-53 

33*41 

33*30 

33*18 

33-06 

32*95 

*32*84 

32*73 

32*61 

36 

34*61 

34*4& 

34*37 

34*25 

34-13 

34*01 

33*89 

33*78 

33*66 

33*54 

27 

35*57 

35'45 

35*32 

35*20 

35*08 

34*95 

34*83 

34*72 

34*59 

34*47 

38 

36*53 

36-40 J 

36-28 

36*15 

36*02 

35-90 

35*77 

35-66 

35 ‘53 

35*40 

39 

3? *4 9 

37*36 | 

37*23 

37*10 

36*97 

36*84 

36*71 

36*59 

36‘46 

36*34 

40 

38*45 

38*32 | 

38*18 

$8*05 

37*92 

37*79 

37*66 

37*53 

37*40 

37*27 

41 

39*41* 

39*28 

39-14 

39*00 

38-87 

38*73 

38*60 

36*47 

38*34 

38*20 

42 

•40*37 

40*24 ; 

40-09 

39-95 

39-82 

39*68 

39*54 

39-41 

39*27 

39*13 

43 

41*33 

41*19 1 

41-05 

40-90 

40*76 

40*62 

40*48 

40*35 

40*21 

40*07 

44 

42*30 

; 42*15 ; 

42*00 

41*86 

41*71 

41*57 

41*43 

41*28 

41*14 

41*00 

45 

43*26 

43*11 

42-95 

42*81 

42*66 

42*51 

42*37 

42*22 

42*08 

41*93 

46 ! 

44*29 

44*07 

43 91 

43*76 

43-61 

43*46 

43*31 

43*16 

43*01 

42*86 

47 

45*18 

45*03 

44-86 

44*71 

44*56 

44*40 

44*25 

44*10* 

43*94 

43*79 

48 

46*14 

45*98 

45-82 

45*66 

45*50 

45*35 

45*19 

45-04 

44*88 

44*72 

49 

47*1# 

46*94 

46-7 J 

46*61 

46*45 

46*29 , 

,46*13 

45-97 

45*81 

45*63* 

50 

48*07 

47*90 

47-73 

47*57 

47*40 

47*24 

► 

47*07 

^6 ‘91 

46*75 

46*59 
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* Table for reducing the Volume of a Gas to o' C .—Contimmi. 


r J 

«>•* ! 

rr | 

tr J 

u* j 

“■ ! 

W j 

tr J 

IS *| 

ir 

20 J 

n 

49-03 

48*86 f 

48*69 

48*52 

48-35 

48*18 1 

48*01 

47-85 

47-88 

47*52 

m 

49*99 

49*82 1 

49-64 

49*47 

49-30 

49*18 

48*95 

48*79 

48*02 

48*45 

m 

50*95 

50*77 

50*59 

50-42 

50-24 

50*07 

49*89 

49-72 

49*55 

49*38 

u 

51*91 

51*73 

r.i-35 

51*37 

51*19 1 

51*02 

50*84 

50*66 

50*49 

# 50*32 

55 

52*87 

52*69 

52*50 

5 % 3 S 

52*14 " 

51*98 

51-78 

51*60 

51-43 

51*25 

56 

58*84 

53*65 

53*46 

53*28 * 

* 53-09 

52*91 

’ 52*72 

52-54 

52*36 

52-18 

67 

54*80 

54*61 

54*41 

54*23 

54*04 

53 * 8 # 

• 53*66 

53^8 

53*29 

53*11 

1 58 

55-76 

55*58 

55-37 

55-18 

54*98 

54-80 

54-60 

54*42 

54*23 

54*04 

59 

56-72 

56*52 

56*32 

56*13 

55*93 

55*74 

55*54 

55*35 

55-16 

54-97 

60 

57-68 

57*47 

57*28 

57-08 

56*88 

56*68 

56*48 

56*29 

56*09 

55*91 

i 61 

58*64 

58*43 

58*23 

58 - 03 * 

57-83 

57*63 

57*42 

57*23 

57-02 

56*84 

i 62 

59*60 

59-39 

59*19 

58*98 

58*78 

58*57 

58*36 

58-17 

57-96 

57*77 

63 

60*56 

60*35 

60*14 

59*93 

59-72 

59-52 

59*30 

59*11 

58*90 

58*71 

64 

61*53 

61-31 

61*10 

60*88 

60*67 

60-46 

60*25 

60*04 

59*83 

59-64 

65 

62*49 

62*26 

j 62*05 

61*84 

61*62 

61-40 

61*19 

60*98 

60*77 

60*57 

66 

63*45 

63*22 

63*01 

62-79 

62-57 

62*35 

62*13 ] 

61*92 

61-70 

61*50 

67 ! 

64*41 

64-18 

63*96 

63*74 

63*52 

63*29 ! 

63-07 

62*86 

62-83 

62*43 

68 

65-37 

65*13 

64*92 

64*69 

64*46 

64*23 

64*01 

63*80 

63*57 

63*36 

69 

66*33 

66-09 

65*87 

65*64 

65*41 

65*18 

64-95 

64*73 

64*50 

64*30 

70 

67-29 

67-05 

66*82 

66*59 

66*36 

66*13 

65*90 

' 65-67 

65*44 

65*23 

. 71 

68*25 

68*01 

67-77 

67-54 

67-31 

67-07 

66*84 

66*61 

66-38 

66*16 

72 

69*21 

68*97 

68-73 

68*49 

68*26 

68*02 

67*78 

67-55 

67*31 

67-09 

78 

70-17 

69*92 

69*68 

69*44 

69*20 

68*96 

68-72 ■ 

68*49 ! 

* 68*26 

68*03 

74 

71*14 

70*88 

70-64 

70-40 

70*15 

69*91 

69*66 

69*42 

69*18 

68*96 

75 

72*10 

71*84 

71-59 

71-35 

71*10 

70*85 

70*61 

70*37 

70*12 

69*89 

76 

73*06 

72*80 

72-55 

72-30 

72*05 

71*80 

71*55 

71*30 

71*05 

70*82 

77 

74*02 

73*76 

% e - 5 i 

73-25 

73*00 

72*74 

72*49 

72*24 

71*98 

71*75 

78 

74*98 

74*?1 

74-46 

74-20 

73*94 

73*69 

73*43 

73*18 

72*92 

72*68 

79 

75*94 

75*67 

75-41 

75-15 

74*89 

74*63 

74*37 

74 r il 

73*85 

73*61 

80 

76*90 

76*63 

76-37 

76-10 

75*84 

75*58 

75*31 

75*06 

74*79 

74*54 

81 

77*86 

77*59 

77-32 

77-05 

76*79 

76*52 

76*25 

76*00 

75*73 

75*47 

82 

78*82 

78*55 

78-28 

78-00 

77*74 

77*47 

77*19 

76*94 

76*60 

76*40 

83 

79*78 

79*50 

79-23 

78-95 

78*68 

78*41 

78*13 

77*87 

77*60 

77*34 

84 

80*75 

80*46 

80-19 

79-91 

79*63 

79*35 

79*08 

78*81 

78*53 

78*27 

85 

81*71 

81*42 

<- 81-14 

80-86 

80*58 

80*30 

80*02 

79*75 

79*47 

79*20 

86 

* 82*67 

82*38 

82-10 

81-81 

81*53 

81*24 

80*96 

80*69 

80*40 

80*13 

87 

83*63 

83*33 

83-05 

82-76 

82*48 

82*19 

81*90 

81*63 

81*33 

81*06 

88 

84*59 

84 '29 

84-01 

83-71 

83*42 

83*13 

82*84 

82*57 

82*27 

81*90 

89 

85*56 

85*25 

84-96 

84-66 

84*37 

84*08 

83*78 

83*50 

83 * 22 * 

82*93 

90 

86*52 

86*21 

85-92 

85-62 

85*32 

85*02 

, 84*72 

84*44 

84*14 

83*80 

91 

87*48 

87*17 ’ 

" 86-^7 

86*57 

86*27 

85*96 

85*66 

85*38 

8%*07 

84*79 

92 

88*44 

88*13 

87-83 

87*52 

87*22 

86*91 

86*60 

80*32 

86*01 

° 85*72 

93 

89*40 

89*08 

88-78 

88*47 

88*16 

87*85 

87*54 

87*25 

86*95 

80*06 

94 

90*36 

90*04 

89-73 

89*42 

89*11 

88*80 

88*^9 

88*19 

87*88 

87*59 

95 

91*33 

91*00 

90-68 

90*38 

90*06 

89*74 

89*43 

89*13 

88*82 

88*52 

96 

92*29 

91*96 

91-64 

91*33 

91*01 

90*69 

90*37 

90*07 

89*75 

89*45 

97 

93*25 

92*92 

92-59 

92*28 

91*96 

91*63 

91*31 

91*00 

90*68 

90*08 

98 

94*21 

93*87 

93-55 

93*23 

92*90 

92*58 

92*25 

91*94 

91*62 

91*31 

*99 

95*17 

94*83 

94-50 

- 94*18 

93*85 

93*52 

93*19 

92*88 

92*5 

92*24 

: ioo 

96*13 

95*79 

95-46 

95*13 

94*80 

94*47 

94*14 

93*82 

93*49 

93*18 
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Tlible for reducing the Volume of a Gas to o° C. — Continued . 


% 


0 ° 

21 ° 

m 

♦ 

22° 

23 ° 

24 ° 

25 ° 

26 ° 

27 ° 

28 ° 

29 ° 

1 

0-929 

0*926 

0*922 

0*919 

0*916 

0*913 

o-ao 

0-907 

0*904 

2 

1-857 

1*851 

1*845 

1-839 

1*832 

1*826 

1*820 

1*814 

1*808 

3 

^ 2-786 

2-777 

2 J 767 

2-758 

2*749 * 

2-739, 

2-730 

2-721 

2-712 

4 

3-714 

3-702 

3*690 

3-677. 

3*665 

3*652 

3*640 

3*628 

3*616 

5 

4*643 

4*628 

4*612 

4-597 

4*581 

» 4*566 

4-551 

4*535 

4*520 

* 6 

*5*572 

5^53 

5*534' 

5*516 

5-497 

5-479 

5*461 

5-442 

5*424 

r 

6*500 

6-479 

6-45? 

» 6-435 

6*413 

6*392 

6-371 

6*349 

6*328 

8 

7*429 

7-404 

7-379 

7-354 

7-330 

7-305 

7-281 

7-256 

7-232 

9 

8*357 

8*330 

8*302 

8*274 

8*246 

8*218 

8*191 

8*163 

8-136 

10 

9*286 

9*25$ 

9*224 

9*193 

9*162 

9*131 

9*101 

9*070 

9*040 

11 

10*21 

1018 

10-15 

10*11 

10-07* 

10*04 

10*01 

9*98 

9*94 

12 

11*14 

11*11 

11*07 

11*03 

10*99 

10*96 

10*92 

10*88 

10-85 

13 . 

12-07 

12*03 

11*99 

11*95 

11*91 

11*87 

11*83 

11*79 

11-75 

14 

13*00 

12*96 

12*91 

12-87 

12-83 

12*78 

12-74 

12*70 

12-66 

15 

13*93 

13*88 

13*84 

13-79 

13-74 

13*70 

13*65 

13*61 

13*56 

16 

14*86 

14*81 

14-76 

14-71 

14*66 

14*61 

14*56 

14*51 

14*46 

17 

15-79 

15-73 

15*68 

15*63 

15*58 

15*52 

15-47 

15*42 

15*37 

18 

16-70. 

16*66 

16*60 

16*55 

16*49 

16*44 

16*38 

16-33 

16*27 

19 

17-64 

17-58 . 

17-53 

17-47 

17-41 

17*35 

17-29 

17-23 

17-18 

20 

18-57 

18*51 

18*45 

18*39 

18-32 

18*26 

18*20 

18‘14 

18*08 

21 

19-50 

19*43 

19-37 

19-31 

19*24 

19*17 

19*11 

19*05 

18*98 

22 

20-43 

20*36 

.20*29 

20*23 

20-15 

20*09 

20*02 

19*95 

19*89 

23 

21*36 

21*29 

21*21 

21*15 

21-07 

21*00 

20*93 

20*86 

20*79 

24 

22*28 

22*21 

22*14 

22*07 

21*99 

21*91 

21*84 

21*77 

21-70 

25 

23*21 

23*14 

23*06 

•22*99 

22*90 

22*83 

22*75 

22*68 

22*60 

26 ! 

24*14 

24*06 

23*98 

23*91 

23*82 

23*74 

23*66 

23*58 

23*50 

27 

25*07 

24*99 

24*90 

24*83 

24*73 

24*65 

<24*57 . 

24*49 

24*41 

28 | 

26*00 

25*1 

25*82 

25*74 

25*65 

25*57 

25*48 

25*40 

25*31 

29 1 

26*93 

26*84 

26*75 

26*67 

26*57 

26*48 

26*39 

26*30 

26-22 

30 

27*86 

27*77 

27*67 

27*58 

27*49 

27*39 

27*30 

27*21 

27*12 

31 

28*79 

28*70 

28*59 

28*50 

28*41 

28*30 

28*21 

28*12 

28*02 

32 

29*72 

29*62 

29*51 

29*42 

29*32 

29*22 

29*12 

29*02 

28*93 

83 

30*65 

30*55 

30*44 

30*34 

30*24 

30*13 

30*03 

29*93 

29-83 

34 

31*57 

31*47 

31*36 

31*26 

31*16 

31*04 

30*94 

30*84 

30*74 

85 

! 

32*50 

32*40 

32*28 

32*18 

32*07 

31*96 

3**85 

31*75 

31*64 

36 ; 

33*43 

33*32 

33*20 

33*10 

32*99 

32*87 

32*76 

32*65 

32*54 

*57 i 

34*36 

34*25 

34*12 

34*02 

33*90 

33*78 

33*67 

33*56 

33*45 

38 

35*29 

35*17 

35*05 

34*93 

34*82 

34*70 

34*58 

34*47 

34*35 

39 

36*22 

36*10 

85*97 

35*85 

35*74 

35*61 

35 *49 

35*37 

35*26 

40 j 

37*14 

37*02 

36^0 * 

36*77 

36*65 

^§*52 

36*40 

36*28 

36*16 

41 

38*0* 

37*95 

37*82 

37*69 

37*57 

37*43 « 

37*5 l 

37*19 

37*06 

42 ; 

• 39*00 | 

88*87 

38*74 

38*61 

38*48 

38*35 

38*22 

38*09 

37*97 

43 ; 

39*93 

39*80 

39*66 

39*53 

39*40 

39*26 

39*13 

39*00 

38*87 

44 

40*85 

40*72 

49*59 

40*45 

40*32 

40*17 

40*04 

39*91 

39*78 

45 

41*78 | 

41*65 

41*51 

41*37 

41*23 

41*09 

40*95 

40*82 

40*68 

46 

42*71 ! 

42*57 

42*43 

42*29 

42*15 

42*00 

41*86 

41*72 

41*58 

ex 

43*64 

43*50 

43*35 

43*21 

43*06 

42*91 

42*77 1 

42*63 

42*49 

48 

44*57 

44*42 

44*27 

44*12 

43*98 

43*83 

43*68 

43*54 

43*39 # 

49 

45*50 

45*35 

4**19 

45*04 

44*89 

4£*74 

44*59 

44*44 

44*30 

50 

46*43 

46*28 

46*12 

45*97 

45*81 

45*66 

45*51 

45*35 

* 

45*20 

• 
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Table for reducing the Volume of a Gas to o° C .—ConimM. 


0 ° 

21 ° 

22 ° 

28 ° 

24 ° 

25 ° 

26 ° 

27 ° 

• 

28 ° 

« 

29 ° 



51 

52 

53 

54 

55 

47*36 

48*29 

49*22 

50*14 

51*07 

47 * 2 $ 

48 - 13 

49 - 06 

49 - 98 

50 - 91 

47-04 

47-96 

4 $ "8 9 

49 - 81 

50 - 73 

46*89 

47*81 

43*73 

49*65 

* 50*57 

46*73 

47*64 

48*56 

49*48 

50*39 

46*57 

47*49 

48*40 

49*31 

50*23 

46*42 

47*33 

48*24 

49*15 

50*06 

46*26 

47*16 

48*07 

48*98 

49*89 

46 - 10 

47 - 01 
47 - 9 ! 
^ 8-82 

49-72 

56 

57 

58 

59 

60 

52*00 

52*93 

53*86 

54*79 

55*72 

51 - 83 

52 - 76 

53 - 68 

54 - 61 

55 - 53 

51*65 

52*58 

53*50 

54*42 

55*34 

51*49 

52*41 

53*32 

54*24 

55*16 

51*31 

52*22 

53*14 

54*06 

54*97 

51 - 14 
- 52 -‘05 

52 - 97 

53 - 88 

54 - 79 

50 * 97 ^ 

51*88 

52*79 

53*70 

54;61 

50*79 

51*70 

52*61 

53*51 

54*42 

50 * 62 > 

53 T 53 

52*43 

53*34 

54*24 

61 

62 

63 

64 

65 

56*65 

57*58 

58-51 

59*42 

60*36 

56*46 

57*38 

58*31 

59*23 

60*16 

56*26 

57*19 

58*11 

59*03 

59*95 

56*08 

57-00 

57 - 92 

58 - 84 

59 - 76 

55*89 

56*80 

57*72 

58*64 

59*55 

55*70 

56*62 

57*53 

58*44 

59*36 

55*52 

56*43 

57*34 

58*25 

59*16 

55*33 

56*23 

57*14 

58*05 

58*96 

55*14 

56*05 

5 $ *95 
57*86 
58*76 

66 

67 

68 

69 

70 

61*29 

62*22 

63*15 

64*08 

65*00 

61*08 

62*01 

62*93 

63*86 

64*79 

60*87 

61*79 

62*72 

63*64 

64*57 

60-68 

61-60 

62 - 51 

63 - 43 

64 - 35 

60 - 47 

61 - 38 

62 - 30 

63 - 22 

64 - 13 

60*27 

61*18 

62*10 

63*01 

63*92 

60*07 

60*98 

61*89 

62 r *80 

63*71 

59 * 80 , 

60*77 

61*68 

62*58 

63*49 

59*66 

60*57 

61*47 

62*38 

63*28 

*» 71 

72 

73 

74 

65 - 93 

66 - 86 

67 - 79 

68 - 61 

65 - 71 

66 - 64 

67 - 57 

68 - 49 

65 - 49 

66 - 42 

67 - 34 

68 - 26 

65 - 27 

66 - 19 

67 - 11 

68 - 03 

65*05 

65*96 

66*88 

67*80 

64*83 

65*75 

66*66 

67*57 

64*62 

65*53 

66*44 

67*35 

64*40 

65*30 

m - 21 

67*12 r 

64*18 

65*09 

65*99 

66*90 

75 

69*64 

69*42 

69*18 

68*95 

68-71 

* 68-49 

68*26 

68*03 

67*80 

7 fi 

70*57 

70*34 

70*10 

69*87 

69-63 

69-40 

69*17 : 

68*93 

68*70 

l D 

77 

71*50 

71*27 

c 71*03 

70*79 

70-54 

70-31 

70*08 - 

69*84 

69*01 

78 

72*43 

72*19 1 

71*95 

71*70 

71-46 

71-22 

70 * 99 * 

70*75 

70*51 

79 

73*36 

73*12 

72*87 

72*62 

72-38 

72-14 1 

71*90 

71*65 

71*42 

80 

74*29 

74*04 

73*79 

73*54 

73-30 

73-05 

72*81 

72*56 

72*32 

81 

75*22 

74*97 

74*71 

74*46 

74-22 

73-96 

73*72 

73 *47 

73*22 

82 

76*15 

75*89 

75*63 

75*38 

75-13 

74-88 

74*63 

74*37 

74*13 1 

83 

77*08 

76*82 

76*56 

76*30 

76-05 

75-79 

75*54 

75*28 

75*03 

84 

78*00 

77*74 

77*48 

77*22 

76-96 

76-70 

76*45 

76*19 

75 *94 

85 

78*93 

78*67 • 

78*40 

78*14 

77-88 

77-62 

77*36 

77*10 

76*84 

86 

79*86 

79*59 

79*32 

79*06 

78-80 

78-53 

78*27 * 

78*00 

77*74 

87 

80*79 

80*52 

80*25 

79*98 

79-71 

79-44 

79*18 

78*91 

78 * 0 £* 

88 

81*72 

81*44 

81*17 

80*90 

80-63 

80-36 

80*09 

79*82 

79*55 

89 

82*65 

82*37 

82*09 

81*82 

81-55 

81-27 

81*00 

80*72 

80*46 

90 

83*57 

83*30 

83*02 , 

82*74 

f 

82-46 

8 »* 18 r 

81*91 

81*63 

81*36 

91 

84*50 

84 * 2 # 

8 tf *94 

83*66 

83-88 

83-09 

82*82 

S 2*£4 

82*26 

92 

85*43 

85*15 

84*86 

84*58 

84-29 

84-01 

83*73 

83*44 

$ 3*17 

93 

86*36 

86*08 

85*79 

85*50 

85-21 

84-92 

84*64 

84*35 

84*07 

94 

87*28 

87*00 

86*71 

86*42 

86-13 

85-83 * 

■ 85*55 

85*20 

84*98 

95 

88*21 

87*93 

87*63 

87*34 

87-04 

86-75 

86*46 

86*17 

85*88 

96 

89*14 

88*85 

88*55 

88*26 

87-96 

87-66 

87*37 

87*07 

86*78 

97 

90*07 

ft '78 

89*48 

89*18 

88-87 

88-57 

88*28 

87*98 

87 * 0 # 

98 

91*00 

90*70 

90*40 

90*09 

89-79 

89-48 

89*19 

88*89 

88*59 

99 

91*93 

91*63 

91*32 - 

91*01 

90-71 

90-40 < 

r 90*10 

89 * 7 » 

89*50 

100 

92*86 

92*55 r 

92*24 

91*93 

91-62 

91-31 

91*01 

90*70 

90*40 
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TABLE VII. 


Table for reducing the Volume of«a Gas to 760 mm. Pressure. 

.For temperatures between o° and 12 0 , deduct 1 mm. from the barometer pressure; 
* * between 13° and 19 0 , 2 mm ; between 20° and 25°, 3 mm. 


760 

710 

712 

714 

716 

718 

720 

722 

~4 

724 

726 

728 


% 






4 




1 

0*934 

0-937 

0*940 

0*942 

t )-945 

0*947 

0*950 

0*953 

0*955 

0*958 

2 

1*868 

1-874 

1*879 

1-884 

1*890 

1*895 

1*900 

1*905 

1*911 

1*916 

.3 

2*803 

2*810 

2*818 

•2*826 

2*834 

*2-842 

2*850 

2-858 

2*866 

2-874 

4 * 

3-738 

3-717 

3-758 

. 3 *,768 

3-779 

3*789 

3*800 

3*810 

3-821 

3-832 

5 

4*672 

4*685 

4-697 

4*711 

4-724 

4-736 

4-750 

4-763 

4-777 

4-790 

6 

5-607 

5*621 

5*637 

5*653 

5*669 

5*684 

5-700 

5-716 

5-732 

5-747 

7 

6*540 

6*558 

» 6*577 

6*595 

6*614 

6*631 

6*650 

6*668 

6-687 

6-705 

8 

7-474 

7-494 

7-516 

7-537 

7-558 

V 578 

7-600 

7-621 

7-642 

7-663 

9 

8*409 

8*431 

8*456 

8-479 

8*503 

8*526 

8*550 

8-573 

8*598 

8*621 

10 

9*34 

9*37 

9*40 

9*42 

9*45 

9*47 

9*50 

9*53 

9*55 

9*58 

11 

10*28 

10*31 

10*34 

10*36 

10*39 

10*42 

10*45 

10*48 

10*51 

10*54 

12 

11*21 

11*24 

11-27 

11*30 

11*34 

11-37 

11*40 

11*43 

11*46 

11*50 

13 

12*14 

12*18 

12*21 

12*24 

12*28 

12*31 

12*35 

12*38 

12*41 

12*45 

14 

13*0$ 

13*12 

13*16 

13*19 

13*23 

13*26 

13*30 

13*34 

13-37 

13*41 

15 

14*02 

14*06 

14*10 

14*13 

14*17 

14*21 

14*25 

14*29 

14*33 

14*37 

16 

14*95 * 

14*99 

J 5*03 

15-07 

15*11 

15*15 

15*20 

15*24 

15*28 

15*33 

17 

15*88 

15*93 

15*98 

16*02 

16-06 

16*10 

16*15 

16*19 

16*23 

16*28 

18 

16*82 

16-87 

16*92 

16*96 

17*01 

17*05 

17-10 

17-15 

17-19 

17*24 

19 

17-76 

17*81 

17-86 

17*90 

17*95 

18*00 

18*05 

18*10 

18*15 

18*21 

20 

18*68 

18-74 

18;79 

18*84 

18*90 

18*95 

19-00 

19*05 

19*11 

19*16 

21 

19*£2 

19*68 

19*73 

19-78 

19*84 

19*90 

19-95 

20*00 

20*06 

20*12 

22 

20*55 

20*61 

20*67 

20*72 

20-78 

20*84 

20*90 

20*96 

21*01 

21-07 

23 

21*49 

21*55 

21*61 

21 *66 

21*73 

21-79 

21*85 

21*91 

21*97 

22-03 

24 

22*43 

22*49 

22*55 

22*61 

22*68 

22*74 

22*80 

22*86 

22*92 

22*99 

25 

23*35 

23*^2 

23*49 

23*55 

23*62 

23*69 

23*75 

23*81 

23*88 

23*95 

26 

24*29 

24*3% 

24*43 

24*50 

24*57 

24*64 

24*70 

24-77 

24*83 

24*90 

27 

25*23 

25*30 

25*37 

25*44 

25*51 

25*58 

25*65 

25*72 

25*79 

25*86 

28 

26*16 

26*23 

26*30 

26*37 

26*45 

26*53 

26*60 

26-67 

26*74 

26*82 

29 

27*10 

27 i 7 

27*24 

27*81 

27*40 

27*48 

27*55 

27*62 

27*70 

26*78 

. 30 

28*03 

28*10 

28*38 

28*26 

28*34 

28*42 

28*50 

28-58 

28*66 

28*74 

31 

28*97 

29*04 

29*12 

29*20 

29*29 

29*37 

29*45 

29*53 

29*62 

29*70 

32 

29*90 

29*98 

30*06 

30*14 

30*23 

30*32 

30*40 

30-48 

30*57 

30*66 

83 

30*83 

30*91 

31*00 

31*08 

31*17 

31*26 

31*35 

"*31-43 

31*52 

31*61 

84 

31*77 

31*$£ 

31*94 

32*03 

32*12 

32*21 

32*30 

32*39 

32*48 

*32*57 

35 

82*71 

32*79 

32*88 

32*97 

33*07 

33-16 

33*25 

33*34 

33*44 

33*53 

fa 

33*64 

33*73 

83*82 

33*91 

34*01 

34*10 

34*20 

34-29 

34*39 

34*49 

37 

3 T -57 

34*60 

34*76 

34*86 

34*96 

35-05 I 

3515 

35*25 

35*35 

35*45 

38 

85*50 

35*60 

35*70 

35*80 

35*90 

36*00 

36*10 

36*20 

36-30 

36-40 

89 

36*44 

36*54 

36*64* 

36*74 

36*85 

36‘93 » % 

‘ 37*05 

37-15 

37*26 

37*37 

40 

37*88 • 

37*48 

37*58 

37*68 

37*79 

37*89 

38*00 

38*10 

38*21 

38-32 

41 

88*31 

38*41 

38*52 

38*62 

38*74 

38*84 

38*95 

39*05 

89*17 

39*28 

42 

89*23 

39*38 

39*46 

39*57 

39*69 

39*79 

39*90 

40*01 

40*12 

40-23 

43 

40*18 

40*29 

40*40 

40*51 

40*62 

40*73 

40*85 

40*96 

41*08 

41 19 

44 

41*11 

41*22 

41*34 

41*44 

41*56 

41*68 

41*80 

41*91 

42-03 

42*16 

45 

42*05 

42*16 

.42*28 

42*39 

42*52 

42*63 

42*75 

42*87 

• 

42*99 

43*11 

it 

42*98 

43*10 

43*22 

43*34 

43*46 

43*58 

43*70 

43*82 

43*94 

44*06 

47 

43*9?, 

44*03 

44*16 

44*27 

44*40 

44*52 

44*65 

44*77 

44*90 

45-03* 

48 

44*84 

44*96 

45*09 

45*22 

45*35 

45*47 

* 45*60 

45*72 

45*85 

45*98 

49 

45*78 

45*91 

46*04 

46*17 

46*30 

.46-42 

46*55 

16*67 

46*80 

,,46*94 

50 

48*72 

46*85 

46*97 

47*11 

47*24 

47-36 

47*50 

• 

47*63 

4 V 77 

47*90 



• * 
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Table for reducing the Volume of a Gas, etc. — Continued: 

♦ 


m 

710 

712 

714 

710 

718 

720 

722 

« 

724 

720 

* 

728 

51 

47-65 

47 - 79 * 

47-92 

48*05 

48*18 

48*31 

48*45 

48-59 

48-73 

48-86 

52 

48-58 

48*72 

48*85 

48*99 

49*13 

49-26 

49*40 

49*54 

49*68 

49*82 

53 

49-52 

49*66 

49 -49 

49 * 9 S 

50*07 

50*21 

50*35 

50*48 

50-64 

,* 50*78 

54 

50*45 

50*59 

50-73 

50*37 

51-01 * 

51-15 

51*30 

51*44 

51*59 

ol *73 

55 

51-38 

51-53 

51-67 

5 P -82 

51*96 

52*10 

52-25 

52*39 

52*54 

52-09 

55 

52-32 

52-47 

52*61 

52-76 

52*91 

53-05 ' 

53*20 

53^5 

53*50 

53*06 

57 

53-25 

53*41 

53*55 

53-70 

53*85 

54-60 

54-15 

54*30 

54*45 

34-60 

58 

54*19 

54*34 

54*49 

54*64 

54-79 

54-94 

55*10 

55*25 

55*41 

55*56 

59 

55*13 

55*28 

55*43 

55*59 

55-74 

55*89 

56*05 

56*21 

56-37 

56*52 

60 

56-07 

56*22 

56-37 

56-53 

56*69 

56*84 

57-00 

^ 7-16 

57*32 

57-47 

61 

57-00 

57-15 

57-31 

57 -if 

57-63 

57-79 

57-95 

58-11 

58*27 

58*43 

62 

57-93 

58*09 

58*25 

58*41 

58*58 

58*74 

58*90 

59*06 

59*23 

59*39 

63 

58-87 

59*03 

59*19 

59*35 

59*52 

59*68 

59*85 

60*01 

60*18 

£ 0*35 

64 

59-80 

59*96 

60*13 

60*30 

60*47 

60*63 

60*80 

60*97 

61*14 

61*30 

65 

60-74 

60*90 

61-07 

61*24 

61*41 

61*58 

61-75 

61*92 

62*09 

62*26 

66 

61-67 

61*84 

62*01 

62*18 

62*35 

62*52 

62-70 

62-87 

63*05 

63*22 

67 

62*60 

62-77 

62*95 

63*12 

63*30 

63*47 

63*65 

63*82 

64*00 

64*18 

68 

63-54 

63*71 

63*89 

64*06 

64*24 

64-42 

64*60 

64-78 

64*96 

65*13 

69 

64-47 

64*65 

64*83 

65*01 

65*19 

65-37 

65 *55 

<= 65-73 

65*91 

66-09 

70 

65*40 

65*58 

65-77 

65*95 

66*14 

66*32 

66*50 

66*68 

66-87 

67*05 

71 

66*34 

66*52 

66-71 

66*89 

67*08 

67-26 

67-45 

67-68 

67-82 

08*01 

72 

67-27 

67-46 

67-65 

67*83 

68*02 

68*21 

68 - 40 . 

68*59 

_ 68-78 

68-97 

73 

68*20 

68*39 

68*58 

68-77 

68-97 

69*16 

69*35 

69*54 

69-73 

69*92 

74 

69*14 

69*33 

69*53 

69*72 

69*92 

70-11 

70-30 

70-49 

70-65 

70*88 

75 

70*07 

70-27 

70-47 

70-66 

70-86 

71*05 

71*25 

71*44 

71*64 

71*84 

76 

71-01 

71-21 

IVil 

71-60 

71-80 

72*00 

72*20 

72*40 

72*60 

72*80 

77 

71*94 

72 U 4 

72-34 

72-54 

72-75 

72*95 

73*15 

73*35 

73*55 

73*75 

78 

72*87 

73-07 

73-28 

73-48 

73-69 

73*89 

74*10 

74*30 

74*51 

74*71 

79 

73*80 

74-01 

74-22 

74-42 

74-63 

74*84 

75*05 

75*25 

75*46 

75*67 

80 

74*74 

74-94 

75-16 

75-37 

75-58 

75*78 

76*00 

76*21 

| 76*42 

70*63 

81 

75*67 

75-88 

76-10 

76-31 

76-03 

76*74 

76*95 

77*16 

77*37 

! 77*58 

82 

76*60 

76-82 

77-04 

77-25 

77-47 

77*68 

77*90 

78*11 

78*33 

l 78*54 

83 

77*54 

77-76 

77-98 

78-19 

78-41 

78*63 

78*85 

79*07 

79*28 

79*50 

84 

78*47 

78-69 

78-91 

79-13 

79-35 

79*57 

79*80 

80*02 

80*24 

80*46 

85 

79*41 

79-63 

’“ 79-86 

80-08 

80-31 

80*53 

80*75 

80*97 

81*19 

81*41 

86 

80*34 

80-57 

80-80 

81-02 

81-25 

81*47 

81*70 

81*92 

82*15 

82*37 

87 

81*28 

81-50 

81-74 

81-96 

82-19 

82*42 

82*65 

82*87 

83*10 

83*33 

88 

82*21 

82-44 

82-68 

82-90 

83-13 

83*36 

83*60 

83*83 

84 * 06 . 

84*29 

89 

83*15 

83-38 

83-62 

83-85 

84-08 

84*31 

84*55 

84*78 

85*02 

85*25 

90 

84*09 

84-31 

84-56 

^•79 

85-03 

85 * 26 * 

85*50 

85*73 

85*98 

80*21 

91 

85-02 

85 - 25 * 

85*50 

85-73 

85-98 

86*21 

80*45 

86*69 

$ 3*93 

87*17 

92 

85*95 

86-19 

86-44 

86-68 

86-92 

87*16 

87*40 

87*64 

87*89 

* 88*18 

93 

86*89 

87-12 

87-38 

87-62 

87-87 

88*11 

88*35 

88*59 

88*84 

89*08 : 

94 

87*82 

88-06 

88-32 

88-56 

88-81 

89*05 

89*30 

89*54 

89*80 

90*04 

95 

88-76 

89-01 

89-26 

89-50 

89-75 

90*00 

90*25 

90*50 

90*75 

91*00 

96 

89*69 

8$-94 

90-20 

90-45 

90-70 

90*95 

91*20 

- 91*45 

91*70 

91*95 

97 

90*62 

90-87 

91-13 

91-38 

91-64 

91*89 

92*15 

92*40 

92*66 

92*91 

• 98 

91*56 

91-82 

92-07 

92-33 

92-59 

92*84 

93*10 

93*35 

93*62 

93*87 

99 

1 92*49 

92-75 

93-01 

* 93-26 

93-53 

93*79 

94 r D 5 

94*31 

9 W 

94*83 

100 

93*42 

93-68 • 

93-95 

94-21 

. 94-47 

94*74 

95*00 

95*26 

95*53 

95*79 
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Table for reducing the Volume of a Gas, etc. — Continued. 


700 

• 

730 

• 

• 

732 

734 

736 

~-7 

00 

740 

742 

744 

746 

74S 


1 

0*961 

0*963 

0*966 

0*968 

0-971 

0*974 

0*976 

0^79 

0*982 

0*984 


2 

1*921 

1*926 

1-932 

1-937 

1-942 

1*947 

1*953 

1*958 

1*963 

1*968 


3 

42*832 

2*889 

2*898 

2*905 

2*913 

2*92 P 1 

2*92$ 

2-937 

2*945 

2*953 


4 

3*81*2 

3*852 

3*864 

3*874 

3«84 

3*895 

3*905 

3*916 

3*926 

3*937 


5 

4-803 

4-816 

4*830 

4*842 

4*855 

4-868 ' 

4*882 

4*895 

4*908 

4*921 


f > 

5*763 

5-77\ 

5-796 

5*810 

5*826 

5*842 

5-858 

5-874 

5*890 

5-905 


7 

* 6*724 

6-742 

6-762 

6-77^ 

6-797 

6*816 

6*834 

6*853 

6-871 

6*889 s 


8 

7*684 

7-705 

7*728 

7-747 

7-768 

7-790 

7-810 

7-832 

7-853 

7-874 


9 

8*645 

8*668 

8*693 

8-716 

8*739 

8*763 

8*787 

8*811 

8*834 

8*858 


10 

9*61 

9*63 

.9*66 

9*68 

9*71 

9*74 

9*76 

9*79 

9-82 

9*84 


11 

10-57 

10*59 

10*62 

10*65 

10*68 

10-7*1 

10-74 

10-77 

10*80 

10*82 


12 

11-53 

11*56 

11*59 

11*62 

11*65 

11*68 

11*71 

11-75 

11*78 

11-81 


13 

12*49 

12*52 

12*55 

12*59 

12*62 

12*66 

12*69 

12-73 

12-76 

12-79 


14 

13*45 

13*48 

13*52 

13*56 

13*59 

13*63 

13*66 

13-70 

13-74 

13*78 


15 

14*41 

44*44 

14*48 

14*52 

14*56 

14*60 

14*64 

14*69 

14-73 

14-77 


16 

15*37* 

15*41 

15-45 

15-49 

15*53 

15*58 

15*62 

15-67 

15-71 

15-75 


17 

16*33 

16*37 

16*41 

16*46 

16*50 

16*55 

16*60 

16*65 

16*69 

16*73 


18 

17-29 

.17-33 

17-38 

17-43 

17-47 

17-52 

17*57 

17-62 

17-67 

17-72 


19 

18*25 

18*29 

1$*35 

18-40 

18*45 

18*50 

18*55 

18*60 

18*65 

18-70 


20 

19-21 

19*26 

19*32 

19-37 

19-42 

19-47 

19*53 

19*58 

19*63 

19*68 


21 

20-17 

20*22 

20*28 

20*34 

20*39 

20*44 

20*50 

20*56 

20*61 

20*66 


22 

21-13 

21*19 

21*25 

21*31 

21*36 

21*42 

21-48 

21*54 

21*59 

21*65 


: 22 

22*09 

22*15 

22*21 

22*27 

22*33 

22*39 

22-45 

22*51 

22-57 

22*64 


24 

23 -05* 

23*11 

23*18 

23*24 

23*30 

23*36 

23*43 

23*50 

23*56 

23*63 


! 25 

24*01 

24*07 

24*14 

24-22* 

24-27 

24*34 

24-41 

24*48 

24*54 

24*61 


26 

24*97 

25*04 

25*11 

25*18 

25*24 

25*31 

25-38 

^5 “45 

25*52 

25*59 


27 

25*93 

26*00- 

26*07 

26*14 

26*21 

26*28 

26*36 

26*43 . 

26*50 

26*58 


28 

26-89 

26*96 * 

27*04 

27*12 

27*18 

27*26 

27*33 

27*41 

27*48 

27*56 


29 

27*85 

27*92 

28*00 

28*08 

28*15 

28*23 

28*31 

28*39 

28*47 

28*55 


20 

28*82 

28*89 

28*97 

29*05 

| 29*13 

29*21 

29*29 

29*37 

29*45 

29*53 


31 

29*78 

29*86 

29*94 

30*02 

30*10 

30*18 

30*26 

30*35 

30*43 

30*51 


* 32 

30*74 

30*82 

30*91 

30*99 

31*07 

31*15 

31*24 

31*33 

31*41 

31*50 


83 

81*71 

31*78 

31*87 

31*96 

32*04 

32*13 

32*21 

32*30 

32*39 

32*48 


31 

82*66 

32*75 

! 32*84 

32*93 

33*01 

33*10 

33*19 

33*28 

33*37 

33*46 


35 

83*62 j 

33*71 

I 33*80 

33*89 

33*38 

34*07 

34*17 

3 f *27 

34*36 

34*45 


| 36 

34*58 

34*67 * 

3 4 *77 

34*86 

34*95 

35*05 

35*15 

35*25 

35*31 

35*43 


i Si 

85*54 

35*03 

35*73 

35*83 i 

35*92 

36*02 

36*12 

36*22 

36*32 

36*42 


88 

30*50 

37*47 

36*60 

36*70 

36*80 

36*90 

37*00 

37*10 

37*20 

37*30 

37*40 


89 

37*57 

37*67 

37*77 

37*87 

37*97 

38*07 

38*18 

38*28 

38*39 


40 

33*42 

38*52 

38*04 

,33*4 

38*84 

38*95 

^•05 

39*16 

39*26 

39*37 


41 

39*38 

•89*48 

39*60 

39*71 

39*81 

39*92 

40*02 • 

40*14 

40*24 

40*36 


42 

4< T *34 

40*44 

40*56 

40*68 

40*78 

40*89 

41*00 

41*12 

41*22 

41*34 


48 

41*30 

41*46 

41*53 

41-61 

41*75 

41*86 

41*97 

42*10 

42*20 

42*32 


44 

42*27 

42*88 

42*50 • 

42*62 

42*73 

42*84 

42*95 

43*07 

43*18 

43*30 


45 

4 3*22 

43*34 

43*46 

43*58 

43*69 

43*81 

43*93 

44*06 

44*17 

44*29 


46 

44*18 

44*30 

44*42 

44*54 

44*66 

44*78 

44*90 

45*03 

,45*15 

45*27 


47* 

45*15 

45*26 

45*39 

45*52 

45*64 

45*76 

45*88 

46*01 

46*13 

46*26 


48 

46*10 

46-23 

46*36 

46*49 

46*61 

46*73 

46*85 

46*99 

47*12 

47*24 

» 

49 

50 

47*06 * 
48*03 

' 47*19 
48*18 

47*32 • 
48*30 

- 47*44 
48*42 

47*57 

4 S *55 

47*70 

4§*6 S 

4 T *83 

48*82 

« 

47*97 

48^5 

48*10 

49*08 

i_ 

48*23 

49-21 

•* 
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Table for reducing the Volume of a Gas, etc.— Contimed. 


700 

730 

732 | 

n \ 

7:u; 

738 | 

740 

74*2 

7,, -j 

i 

716 j 

716 

51 

48*99 

49 - 12 ~ 

49*26 

49*39 

49*52 

49*65 

49*79 

■ 19-93 

50*06 

50*19 

52 

49*96 

50-08 

50*22 

50*36 

50*49 

50*63 

50*77 

50*91 

51*01 

51*13 

53 

50-91 

51*05 

51*19 

f > l *&3 

51-40 

51*60 

51*75 

51*89 

52*02 

52*16 

54 

51*87 

52*01 

52**6 

52*30 

d 2* 14>s 

52*58 

52*72 

52*87 

53*01 ' 53*15 

55 

52*83 

02'98 

53*13 

5 # *27 

53*41 

53*55 

53*70 

53*85 

53*99 | 

5 - 4*14 

56 

53*79 

53*94 

54*09 

54*23 * 

54*37 

54*52 * 

54*68 

5433 

51*97 .■ 

55 *U 

57 

54*75 

54*90 

55*05 

55*20 

55*35 

55*£0 

“ 55*65 

5 £ r §0 

55*95 

5 * 0*10 

58 

55*71 

55*86 

56*02 

56-17 

56*32 

56-47 

56-63 

56*78 

56*93 

57*08 

59 

56-67 

56*83 

56*99 

57-14 

57-29 

57*44 

57*60 

57-76 

57*92 , 

58*07 . 

60 

57*63 

57*79 

57-95 

58*10 

58*26 

58*42 

58*58 

58*74 

* 

5 S *90 : 

59*05 

61 

58*59 

5 S -75 

58*91 

59 ' 0 * 

59*23 

59*39 

59*56 

59*72 ! 

59*88 i 

60*04 

62 

59*55 

59*72 

59*88 

60*04 

60*20 

60*36 

60*53 

60*70 

00*86 

01-02 

63 

60*51 

60*68 

60*85 

61*01 

61*17 

61*34 

Cl -51 

61*68 

61*81 

02*00 

64 

61-47 

61*64 

61*81 

61*98 

62*15 

62*82 

62*49 

62*66 

62*82 


65 

62*43 

62*60 

62*77 

62 - 9 1 

63*11 

63*28 

63*46 

63*64 

63*81 

63*93 

66 

63-39 

63*57 

63*74 

63-91 

64 * 0 S 

64*26 

64 * 44 - 

01-02 

04*79 ; 

64*96 

67 

64-35 

64*53 

64*71 

64*88 

65*05 

65*23 

65*41 

65*59 

65 * 5*7 j 

65 *94 

68 

65*31 

65*50 

65 * 6 S 

65*85 

66*02 

66*20 

66*38 

68-50 

66*74 

66 *92 

69 

66*27 

66*45 

66*64 

66*82 

07*00 

67*18 

67*37 

. 07-55 

tfr -73 1 

07*91 

70 

67-24 

67-42 

67*61 

67-79 

67-97 

68*16 

68*34 

68*53 

; 68*71 

63*89 

71 

68*20 

68*39 

68*58 

68-76 

68*94 

69*13 

69*32 

69*51 

69*69 

69*88 

72 

69*16 

69*35 

69*54 

69*73 

69*92 

70*11 

70-30 

70-49 

70*68 

70*86 

73 

70*12 

70-31 

70*51 

70-69 

70-88 

71 * 0 S 

71 - 27 * 

71-47 

• 71*66 

71-85 

74 

71-08 

71-28 

71-48 

71*66 

71-85 

72*05 

72-25 

72-45 

72 

72-83 

75 

72*04 

72*24 

72*44 

72-63 

72-82 

73-Q2 

73*22 

73*42 

73*62 

73*82 

76 

73*00 

73*20 

73*40 

73-60 

73-80 

74-00 

74*20 

74*40 

71-60 

74*80 

77 

73*96 

74*17 

f 4*37 ! 

74-57 

74-77 

74-97 

75*18 

75*39 

75-59 

75*79 

78 

74*92 

75*12 

75*33 

75-53 

75-74 

75-95 

76*16 

76*37 

76*57 

76*77 

79 

75*88 1 

76*09 

76*30 

76-50 

76-71 

76-92 

77*13 

7 f 34 

77*55 

77-75 

80 

: 76*84 

77*05 

77*27 

77-47 

77-68 

77-90 

78*10 

78*32 

78*53 

78*74 

81 

77*80 

78*02 

78*23 

78-44 

78-65 

78-87 

79*08 

79*30 

79-51 

79*72 

82 

78*76 

78*98 

79*20 

79-41 

79-62 

79-84 

80*06 

80*28 

80-50 

80*71 - 

83 

79*72 

79*94 

80*16 

80-38 

80-60 

80-82 

82*04 

81*26 

SI MS 

81*69 

84 

80*68 

80*90 

81*12 

81-34 

81-56 

81-79 

82*01 

82*24 

82-40 

| 82*08 

85 

81*64 

81*87 

-^ 82*10 

82-31 

82-53 

82-76 

82*99 

83*22 

83-11 

! 83*66 

86 

* 82*60 

82*83 

83*06 

83-28 

83*50 

83-73 

83*97 

S 4 ' 2 G 

81-12 i 

: 84*64 

87 

83*56 

83*79 

84*02 

84-25 

84*48 

84-71 

81*94 

85*17 

85-10 ! 

1 85*62 

88 

84*52 

84*76 

85*00 

85-22 

85*45 

85-68 

85*92 

86*15 

86*38 i 

80*61 

89 

85*48 

85*72 

85*96 

8 ( 1 - 1 9 

86-42 

86-66 

86*89 

87*13 

87 * 36 T i 

87*59 

90 

86*45 

86*68 

86*93 

87-16 

87*39 

87 - 63 , 

87*87 

88*11 

88*34 ; 

88*58 

91 

87*41 

87 * 65 ^ 

87*89 

88*12 

88*36 

88-61 

88*85 

89*09 

8 - 9*33 

89*56 

92 

88*37 

88*61 

88*86 

89*09 

89*33 

89-58 

89*82 

90*07 

90*32 * 

> 90*55 

93 

89*33 

89*57 

89*82 

90*06 

90*30 

90-65 

90*80 

91*05 

91*29 1 

91*53 

94 

90*29 

90*54 

90*79 

91*03 

91*27 

91-53 

91*78 

92*03 

92*27 1 

92*51 

95 

91*25 

91*50 

91*75 

92*00 

92*25 

92-60 

92*75 

93*00 

93*25 1 

93*50 

96 

92*21 

92*46 

92*72 

92*97 

93*22 

93-47 

93*73 

* 93*98 

j 

94*23 

94.48 

97 

93*17 

93*43 

93*68 

93*93 

94*19 

94-45 

94*71 

94*96 

95*22 

95*47 

98 

94*13 

94*39 

94*65 

94*90 

95*16 

95-42 

95*68 

95*94 

96*20 

96*45 

" 99 

95*09 

95 4 35 

95*61 

„ 95 *87 

96*13 

96-39 

9 d £6 

96*92 : 

97*18 

97*43 

100 

96*05 

96*32 

c 

96*58 

96*84 

97*11 

97-37 

97 % 3 | 

! 

97*89 | 

1 

98*16 

98*42 
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Table for reducing the Volume of a Gas, etc. — Continued . 


1 'ft 1 '" 1 

7«;o 

750 

• 

• 

752 

754 

756 

75S 

• 

762 

764 

766 

768 

770 

1 

0*987 

0*989 

0*992 

0*995 

0*997 

* 1*003 

1*005 

3 i *008 

1*011 

1*013 

2 

1*974 

1*979 

1*984 

1*989 

1*995 

2*005 

2*011 

2*016 

2*021 

2*026 

3 

* 2 '960 

2*968 

2*976 

2*984 

2*992 

3-907 

3*016 

3*024 

3*032 

3*039 

4 

o *947 

3*958 

3*968 

3*979 

£*990 

4*010 

4 -<fel 

4*032 

4*042 

4*052 

5 

4*934 

4*947 

4*960 

4*974 

4*987 

5*013 

5*026 

5*040 

5*053 

5*066 

•6 

5*921 

5 * 9&7 

5*952 

* 5*968 

5*984 

* 6*016 

6*032 

6*047 

6*063 

6*079 

7 • 

6*903 

6 * 9 l 

6*944 

* 6 * fr 63 

6*982 

7*018 

7*037 

7*055 

7*074 

7*092 

S 

7*894 

7*916 

7*936 

7*958 

7*979 

8*021 

8*042 

8*063 

8*084 

8*106 

9 

8*881 

8*905 

8*929 

8*952 

8*977 

9*023 

9*048 

9*071 

9*095 

9*119 

10 

9*87 

9*89 

9*92 

» 

9*95 

9*97 

10*03 

10*05 

10*08 

10*11 

10*13 

11 

10*85 

10*88 

10*91 

10*94 

10*97 

11*03 

11*06 

11*09 

11*12 

11*14 

12 

11*84 

11*87 

11*90 

11*94 

11*97 

12*04 

12*07 

12*10 

12*13 

12*16 

13 

12*83 

12*86 

12*89 

12*93 

12*96 

13*04 

13*07 

13*10 

13*14 

13*17 

14 

13*82 

13*85 

13*88 

13*92 

13*96 

14*04 

14*07 

14*11 

14*15 

14*17 

15 

14*81 

14*84 

14*87 

14*92 

14*96 

15*04 

15*08 

15*12 

15*16 

15*19 

16 

15 - 7 J 

15*83 

15*87 

15*91 

15*95 

16*05 

16*09 

16*13 

16*17 

16*21 

17 

16*78 

16*82 

16*86 

16*91 

16*95 

17*05 

17*09 

17*14 

17*18 

17*22 

IS 

17 * 77 . 

17*81 

17*85 

17*90 

17*95 

18*05 

18*10 

18*15 

18*19 

18*23 

19 

18*75 

18*80 

J 8-85 

18-90 

18*95 

19*05 

19*10 

19*15 

19*20 

19*25 

20 

19*74 

19*79 

19*84 

19*89 

19*95 

20*05 

20*11 

20*16 

20*21 

20*26 

21 

20*72 

20*77 

20*83 

20*89 

20*94 

21*05 

21*11 

21*17 

21*22 

21*27 

22 

21*71 

21*76 

21*82 

21*88 

21*94 

22*06 

22*12 

22*18 

22*23 

22*28 

23 

22*70 

* 22*75 

22*81 

22*88 

22*94 

23*06 

23*12 

23 * 18 ’ 

23*24 

23*30 

24 

23*#9 

23*74 

23*80 

23*87 

23*93 

24*06 

24*13 

24*19 

24*25 

24*31 

25 

24*67 

24*73 

24*80 

24*$7 

24*93 

25*06 

25*13 

25*20 

25*26 

25*32 

26 

25*66 

25*72 

25*79 

25*86 

25*93 

26*06 

26*14 

26*21 

26*27 

26*34 

27 

26*65 

26 * 7*1 

26*78 

26*86 

26*93 

27*07 

27*15 « 

27*22 

27*28 

27*35 

28 

27*63 

27*70 

27*77 

27*85 

27*92 

28*07 

28*15 

28 * 2 1 ? 

28*29 

28*36 

29 

28*62 

28 * 69 * 

28*76 

28*84 

28*92 

29*07 

29*16 

29*24 

29*30 

29*37 

30 

29*00 

29*68 

29*76 

29*84 

29*92 

30*07 

30*16 

30*24 

30*32 

30*39 

31 

30*59 

30*67 

30*75 

30*84 

30*92 

31*08 

31*17 

31*25 

31*33 

31*41 

I 32 

31*58 

31*66 

31*74 

31*83 

31*92 

32*08 

32*17 

32*26 

32*34 

32*42 

33 

32*56 

32*65 

32*73 

32*82 

32*91 

33*08 

33*18 

33*27 

33*35 

33*43 

34 

33*55 

33*64 

33*73 

33 * S 2 

33*91 

34*09 

34*18 

34*28 

34*36 

34*45 

35 

34*54 

34*63 

34*72 

34*82 

34*91 

35*09 

35*19 

5*28 

35*37 

35*46 

30 

35*52 

35 * 0 ? 

35*71 

35*81 

! 35*91 

36*09 

36*19 

36*29 

36*38 

36*47 

37 

36*51 

36*61 

36*71 

36*81 

36*90 

37*09 

37*20 

37*30 

37*39 

37-49 

38 

37*50 

37*60 

37*70 

37*80 

37*90 

38*10 

38*20 

38*30 

38*40 

38*50 

39 

3^49 

38*59 

38*09 

38*80 

38*90 

39*10 

39*21 

39*31 

39*41 

39*51 

40 

39*47 

39*58 

39*68 

• 

3 g *79 

39*90 

40*10 

£ 

40*21 

« 

40*32 

40*42 

40*52 

41 

40*46 * 

40*56 

40*67 

40*79 

40*89 

41*11 

41 * 2 ^ 

4^33 

41*48 

41*54 

42 

41*44 

41*55 

41*66 

41*78 

41*89 

42*11 

42*22 

42*34 

42*44 

42*55 

43 

42*43 

42*54 

42*66 

42*78 

42*89 

43*11 

43*23 

43*35 

43*45 

43*56 

44 

43*42 

43*53 

43*64 

43*77 

43*89 

4412 

44*23 

44*35 

44*46 

44*58 

45 

44*40 

44*52 

44*64 

44*76 

44*88 

45*12 

45*24 

45*36 

45*47 

45*59 

46 

45*39 

45*51 

45*63 

45*76 

45*88 

46*12 

46*24 

46*36 

46*48 

46*60 

4 P 

46*38 

46*50 

46*63 

46*76 

46*88 

4712 

47*25 

47*38 • 

47*49 

47*61 

48 

47*36 

47*49 

47*62 

47*75 

47*87 

48*13 

48*25 

48*39 

48*51 

48*63 

! 49 

48 * 35 * 

48*48 

48 * 6 ^ 

48*74 

48*87 

49*13 

• 49*26 

49*40 

49*52 

49*64 

50 

49*34 

49*47 

49*60 

49*74 

49*87 

50*13 

50*26 

5 ^) *40 

50*53 

m 

50*66 

• 
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Table for reducing the Volume of a Gas, etc. — Continued.'’ 

a 


760 

750 

752 

754 

750 

70S 

702 

7(H 

700 

■W 

70S 

770 

51 

50*33 

50-46 

" 50*60 

50-74 

50-87 

51*14 

51*27 

51*41 

51*54 

51 -07 

52 

51-32 

51-45 

51-59 

51-73 

51*87 

52-14 

52*28 

52-42 

52*55 

52-68 

53 

52*30 

52-44 

52 - 5 ^ 

52 - 73 ? 

52*87 

53-14 

53*28 

53-42 

53-56 

£ 3*70 

54 

53*29 

53*43 

53-57 

53*72 

53*86 

54-14 

54*28 

54*43 

54-57 

54-72 

55 

54*28 

54-42 

54*56 

54-71 

54*86 

55-15 

55*29 

55*44 

55*58 

55-73 

56 

55*26 

55*41 

55*56 

55-71 

l > 5-86 

56-15 

56*29 

56 *# 

56-59 

• 56 - 7 <r 

57 

56*25 

56*40 

56*55 

56*70 

56*85 

57 * 15 * 

' 57 -30 

57-45 

57-60 

5 r -76 

58 

57-24 

57-39 

57*54 

57-69 

57*85 

58*15 

58*30 

58-46 

58-61 

58-77 

59 

58*22 

58-38 

5 S -53 

58*69 

58*85 

59*16 

59-31 

59*47 

59-62 

59-78 

60 

59*21 

59-37 

59*52 

59*68 

59-84 

60*16 

60*32 

40-47 

60-63 

00-79 

61 

60*20 

60*36 

60-52 

60-68 ’ 

60-84 

61*16 

61-32 

61-48 

61-64 

61-81 

62 

61-19 

61*35 

61-51 

61-67 

61*84 

62*16 

62*33 

62*49 

62-65 

62*82 

63 

62-17 

62-34 

62*50 

62-67 

62-83 

63*17 

63*33 

63-50 

63*67 

03*84 

64 

63*16 

63-33 

63*49 

63*66 

63*83 

64-17 

64-34 

64*51 

64*68 

64*85 

65 

64-15 

64-32 

64*49 

64*66 

64*83 

65-17 

65-34 

65-51 

65*69 

65*86 

66 

65*13 

65-31 

65*48 

65*65 

65*82 

66-17 

66-35 

66*52 

06 - ft ) 

66-88 

67 

66*12 

66-30 

66*47 

66-64 

66-82 

67*13 

67-35 

67*53 

67*71 

67*89 

68 

67-10 

67-29 

67*46 

67*64 

67*82 

68*18 

68-36 

68 -54 

68*72 

68*90 

69 

68*09 

68 * 28 

68-45 

68-63 

6 S *82 

69*18 

69-36 

- 89*54 

69*73 

69-91 

70 

69*08 

69*26 

69*44 

69*63 

69*82 

70*18 

70-37 

70-55 

70-74 

70-92 

' 71 

70-07 

70-25 

70-43 

70-62 

70*81 

71-19 

71-37 

71*56 

71*75 

71*94 

72 

71-05 

71-24 

71-43 

71-62 

71*81 

72*19 

72 - 3 S 

. 72-57 

22*76 

72-95 

73 

72-04 

72-23 

72*42 

72-61 

72*81 

73*19 

73*38 

73-57 

73*77 

73-97 

74 

73*03 

73-22 

73-41 

73-61 

73-80 

74-19 

74-39 

74*58 

74 - 7 ^ 

74-98 

75 * 

74-01 

74-21 

74*40 

74*60 

74*80 

75*20 

75*39 

75*59 

75-79 

75*99 

76 

75-00 

75-20 

75*40 ! 

75*60 

75-80 

76*20 

76*40 

76*60 

76*80 

77*01 

77 

75-99 

76-19 

75*39 

76*59 

76*79 

77*20 

77-40 

77 - 6 © 

77*81 

78-02 

78 

76-97 

77-f& 

77-38 

77*58 

77*79 

78*20 

78*41 

78*11 

78*82 

79*03 

79 

77-96 

78-17 

78*37 

78*58 

78-79 

79-21 

79*41 

79*62 

79*83 

80*04 

80 

78-94 

79-16 

79*36 

79-58 

79-79 

80*21 

80-42 

80*63 

80*84 

81*06 

81 

79-93 

80-15 

80*35 

80*57 

80*79 

81*21 

81-42 

81*64 

81 *85 

82*07 

82 

80-92 

81-14 

81-35 

81-56 

81*78 

82*21 

82*43 

82*65 

82*87 

83*09 

83 

81-91 

82-13 

82*34 

82*56 

82*78 

83*22 

83-44 

83*66 

83*88 

84-10 

84 

82-90 

83-12 

83*34 

83*56 

83*78 

84*22 

84*44 

84*66 

84 -89 

85*11 

85 

83-88 

84-11 

^ 1*33 

84*55 

84*78 

85*22 

85*45 

85*67 

85*90 

86*13 

86 

84-87 

85-10 

85*32 

85-55 

85*78 

86-22 

86*46 


86*91 I 

87*14 

87 

85-85 

86 -OS 

86*31 

86*54 

86*77 

87-23 

87*46 

87*68 

87*92 1 

88*1*. 

88 

86-84 

87-07 

87*30 

87*54 

87-77 

88*23 

88*47 1 

88*69 

88*93 J 

„ 89*17 

89 

87-82 

88-06 

83*29 

88-53 

88*77 

89*23 

S 9-17 | 

89-70 

89*04 

110*18 

90 

88-81 

89-05 

89-29 

89*52 

89*77 

90‘23 

U 90;48 

90-71 

90-95 

91*19 

91 

89 - S 0 

90-04 

* 90 * 5 $ 

90-52 

90*76 

91-24 

91*48 

91 *72 

91*96 

92*21 

92 

90-79 

91-03 

91*27 

91*51 

91*76 

92-24 

92-49 

92*73 

921)7 

* 93*22 

93 

91-77 

92-02 

92*26 

92*51 

92*76 

03*24 

93*49 

93*74 

93*98 

94 *23 

94 

92-76 

93-01 

93*26 

93*50 

93*75 

94*24 

94*49 

94*74 

91-99 

95*24 

95 

93-74 

94-00 

94*25 

94*50 

94*75 

95 *25 

95-50 

95*75 

96*00 

05*26 

96 

94-73 

94-98 

95*24 

95*49 

95*75 

96*25 

96*51 

#6*76 

97-01 

97*27 

97 

95-72 

95 -"5 7 

96*23 

96*49 

96*75 

97*25 

97*51 

97*77 

98*02 

98 -fo 


96-70 

96-96 

97*22 

97*48 

97*74 

98*25 

98*52 

98*77 

99*03 

99*30 

99 

97-69 

97-95 

98*21 

98‘48 

98 * 7-4 

99*26 


99*78 

!0Q*<ta 

100*31 

100 

98 -68 

m 

98-95 

* 99*21 

99*47 

99*74 

100*26 

100-53 

100*79 

101*05 

101*82 
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TABLE VIIJ. 

Table of the Tension of \^ater Vapour between - 20° and 
+ 118° C. ia mm. of Mercury. Magnus. 


T. 

Mm. 

T. 

Mm. 

T. 

Mm. 

r r. 

Mm. 

- 20° 

• 

0*916 

+ 15° 

12-677 

+ 59° 

92*0 

+ 85° 

432*3 

19 

0-999 

16 

13*519 

51 

96*6 

86 

449*6 

IS 

1*089 

17 

14*409 

52 

101*5 

87 

467-5 

1? 

1-186 

18 

15*351 

53 

106*6 

88 

486*0 

10 

1*290 

19 

16*345 

54 

111*9 

89 

505*0 

15 

1*403 

20 

17*396 

55 

117*4 

90 

524*8 

14 

. 1*525 

21 

18-505 

56 

123*1 

91 

545*1 

13 

1-655 

22 

19*675 

57 

129*1 

92 

566*1 

12 

1-796 

23 

20*909 

58 

135*3 

93 

587-8 

11 

1*947 , 

24 

22*211 

59 

141-8 

94 

610*2 

10 

2*109 

25 

23*582 

60 

148-6 

95 

633*3 

9 

2*284 

26 

25*026 

61 

155-6 

96 

657*1 

8 

2-471 

27 

26-547 

62 

162*9 

97 

681-7 " 

7 

2-671 

28 

28'148 

63 

170-5 

98 

707-0 

0 

f‘886 

* 29 

29*832 

64 

178*4 

99 

733*1 

5 

m 3*110 

30 

31*602 

65 

186*6 

100 

760*0 

4 

3*361 

31 

• 33*5 

66 

195*1 

101 

787-7 

3 

3*624 

32 

35*4 

67 

204*0 

102 

816-3 

2 

3*900 

33 

37*5 

68 

213*2 

108 

845-7 

1 

4*205, 

34 

39*6 

69 

222 *r 

104 

876-0 

0 

4*525 

35 

41*9 

70 

232*6 

•105 

907-1 

+ 1 

4*867 • 

36 

44*3 

71 

242*9 

106 

939-2 

2 

5*231 

37 

46*8 

72 

253*5 

107 

972-3 

3 

5*619 

38 

49*4 

73 

264*6 

108 

1006-3 

4 

6*032 

39 

52*1 

74 

276*0 

109 

1041-3 

5 

6*471 

40 

55*0 

75 

287*9 

110 

1077-3 

6 

6*939 

41 

58*0 

76 

300*2 

111 

1114-3 

7 

7*436 

42 

61*1 

77 

312*9 

112 

1152-3 

8 

7*964 

43 

64*4 

78 

826 O* 

113 

1191-4 

9 

8*525 

44 

67*8 

79 

339*8 

114 

1231-7 

10 

9*123* : 

45 

71*4 

80 

353*9 

115 

1273-0 

11 

9*756 

46 

75*2 

81 

368*6 

116 

1315-5 

* 12 

10*421 

47 

79*1 

82 

383*7 

117 

1359-1 

Vi • 

11*130 

48 

83*2 

83 

399*4 

118 

1403-9 

14 

11*882 

49 

87*5 

84 

415*6 





• 

• 

< 

•- 
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‘ 
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TABLE IX. (Text, g. 1.46.) 

Table for the Conversion of Volumes of Gas, obtained in the 
Gas-Volumeter, into Weights of Active Constituents. 


1 

2 

3 

4 j 

5 

Substance Analysed. 

Active Constituent. 

t 

Method of Analysis. 

! Kvolved. I 

1 

1 «.c. 

Actlvo Cun- 



Htituent in 

Organic substances 

Nitrogen 

Dumas’ method 

j 

N, -j 

1*2505 

Ammonium salts 

Do. 

f With sodium m \ 
\ hypobromite j 

N a ! 

1*2318' 

Do. 

Ammonia 

Do. 

N„ 

1*5582' 

Urine 

Urea 

Do. 

N.“ 

2*958 l 

Bone-charcoal, marl, etc. 

Carbon dioxide 

f Decomposition 1 
i hy HC1 J 

car 

1*070 

Do. 

1 Calcium cartonale 

Do. 

CO. 

* 4*497 

Pvrolusite 

Manganese dioxide 

With H,£) s 

0/ 

3*885 

Bleaching powder 

Chlorine 

Do/ 

o; 

1*0095 

Potassium permanganate 

Oxygen 

Do. 

"NO 

07140 

Chili saltpetre 

Sodium nitrate 

In nitrometer 

37986 

Nitrous vitriol 

N 2 0 3 

Do. 

;# NO 

1*0075 

Do. 

HNO;J 

Do. 

NO 

2*8144 

Do. 

f Nitric acid of sp. 1 
\ gr. 1*33 J 

Do. 

NO 

5*3771 

Do. 

Sodium nitrate 

Do. 

NO 

3*7086 

Nitroglycerine, dynamite, etc. 

Trinitroglycerine 

Do. 

NO 

3*358 

Do. 

Nitrogen 

Do. 

NO 

0‘8257 

Nitrocellulose, pyroxylin 

Do. 

Do. 

NO 

0*6257 


1 These values are corrected for the “nitrogen absorption” ; 2-5 per cent, in the case of 
ammonium salts, and 9 per cent, in the case of urea. (Cf. p. 131.) 
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TABLE X. (Text, p. 159.) 

% * m 

Comparison of various Baumd? Hydrometers, for Heavy Liquids 
witji Specific (gravities. 

: ^ . 


? 

Degrees. 

Rational 

Hydrometer. 

144*3 

Baume’s 
Hydrometer 
according 
to Gerlach’s 
Scale. 

American 

Scale. 

d - 145 

Degrees. 

Rational 

Hydrometer. 

d - 144 * 3 

Baume’s 
Hydrometer 
according 
to Gerlaeli’s 

American 

Scale. 

dmJM 



144*3 - n . 

145 - n . 

♦ 

144 * 3 - 92 -. 

Scale. 

145 - n . 

!■ 

i 

! 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

i 17 

18 

19 1 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

31 

32 « 

33 

1*007 
1*014 
1*022 
1*029 
1*037 
* 1*045 
1*052 
1*060 
1*067 
1*075 
1*083 
1*091 
1^00 
* 1*108 
1*116 
1*125 
1*134 
1*142 * 
1*152 
1*162 * 
1-171 
1 - 1 S 0 
1*190 
1*200 
1*210 
1*220 
1*231 
1*241 
1*252 * 
1*263 
1*274 
» 1*285 

1*297 

1*0068 
1*0138 
1*0208 
1*0280 
1*0353 
1*0426 
1*0501 
1*0576 
^ 1*0653 
1*0731 
1*0810 
1*0890 
1*0972 
1*1054 
1*1138 
1*1224 
1*1310 
1*1398 
1*1487 
1*1578 
1*1670 
1*1763 
1*1858 
1*1955 
1*2053 
1*2153 
1*2254 
1*2357 
1*2462 
1*2569 
1*2677 
1*2788 
1*2901 
• 

1*005 

1*011 

1*023 

1*029 

1*036 

1*043 

1 *050 
1*057 
1*064 
1*071 
1*086 
1*093 
1*100 
1*107 
1*114 
1*122 
1*136 
1*143 
1*150 
1*158 
1*172 
1*179 
1*186 1 
1*201 
1*208 
1*216 
1*231 
1*238 
1*254 * 

1*262 
1*269 
1*285 
1*293 

* 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

1*308 

1*320 

1*332 

1*345 

1*357 

1*370 

1*383 

1*397 

1*410 

1*424 

1*438 

1*453 

1*468 

1*483 

1*498 

1*514 

1*530 

1 * 540 * 

1*563 

1*580 

1*597 

1*615 

1*634 

1*652 

1*671 

1*691 

1 * 711 ^ 

1 * 732 ^ 

1*753 

1*774 

1*796 

1*819 

1*842 



1*3015 
1*3131 
1*3250 
1*3370 
1*3494 
1*3619 
1*3746 
1*3876 
1*4009 
1*4134 
1*4281 
1*4421 
1*4564 
1*4710 
1*4860 
1*5012 
1*5167 
1*5325 
>*5487 1 

1*5652 
1*5820 
1*5993 
1*6169 
1*6349 
1*6533 
1*6721 
1*6914 
1*7111 
1*7313 
1*7520 
1*7731 
1*7948 
1*8171 

1*309 

1*317 

1*334 

1*342 

1*359 

1*368 

1*386 

1*395 

1*413 

1*422 

1*441 

1*451 

1*470 

1*480 

1-500 

1*510 

1*531 

1*541 

1*561 

1*573 

1*594 

1*616 

1*627 

1*650 

1*661 

1*683 

1*705 

1*727 

1*747 

1*767 

1*793 

1*814 

1*835 
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TABLE XI. (Text, p. 160.) 

. . . . IS’ . 

Table for the Conversion of Specific Gravities, at , into* 

“Rational” Baumd degrees. 


Sp . 

*0 

*1 

~ * 2 

**3 

*4 

\ 

*5 

*6 

*7 

*8 

r *9 

0*99 


... 

... 

- 



... 

/ 


- 0*018 

1*00 

0*126 

0-270 

0*414 

0-557 

0*700 

0*843 

0*986 

1-128 

1-270 

1*412 

01 

1-553 

1*694 

1*835 

1-976 

2-117 

2-257 

2-397 

2*536 

2*675 

2*814 

02 

2*953 

3*091 

3*229 

3-367 

3*505 

3*643 

3-780 

3*917 

4*053 

4*189 

03 

4*325 

4*461 

4*596 

4-731 

4-866 

5*001 

5*135 

* 5*269 

5*403 

5-537 

04 

5-671 

5-804 

5*937 

6-970 

6*202 

6*334 

6*466 

6*598 

6*729 

6*860 

1*05 

6*991 

7*122 

7-252 

7-382 

7-512 

7*042 

7'771 

7*900 

8*029 

8*158 

06 

8*287 

8*415 

8*543 

8-671 

8-798 

8-925 

9-052 

9-179 

9*306 

9*432 

07 

9*558 

9*684 

9-809 

9*934 

10*059 

10*184 

10-309 

10*433 

10-557 

5O*0s1 

OS 

10*805 

10*929 

11-052 

11-175 

11*298 

11*421 

11*543 

11*665 

11-787 

1 1 *909 

09 

12*030 

12-151 

12-272 

12*393 

12*514 

12*634 

12*754 

12-874 

12 $94 

13*114 

1*10 

13*233 

13*352 

13*471 

13*590 

13-708 

13*826 

13-944 

14*062 

1**179 

14*296 

11 

14-413 

14*530 

14-647 

14-764 

14*880 

14-096 

15*112 

, 15-228 

15*343 

15-458 

12 

15-573 

15*688 

15*803 

15-917 

16-031 

16-145 

16-259 

16*373 

16*486 

16-599 

13 

16-712 

16*825 

16-938 

17-050 

17*162 

17*274 

17-386 

17*498 

17*610 

17-721 

14 

17-832 

17-943 

18*054 

18*164 

18-274 

18-384 

18' *494 

18*604 

18-713 

18-822 

1*15 

18*931 

19*040 

19*149 

19*258 

19*366 

19-474 

19*582 

19*690 

' 9-798 

19-905 

16 

20*012 

20*119 

20*226 

20*333 

20*439 

20*545 

20*651 

20-757 

20 * 8*3 

20*969 

17 

21*074 

21*179 

21*284 

21*389 

21 *494 

21*599 

21*703 

21*807 

21*911 

22*015 

13 

22*119 

22*222 

22*325 

22 * 428 , 

22*531 

22*634 

22*737 

22*839 

, 22*941 

23*043 

19 

23*145 

23*247 

23*349 

23*450 

23*551 

23*652 

23*753 

23*854 

23*955 

24*055 

1*20 

24*155 

£ 4*255 

24*355 

24*455 

24-554 

24*653 

24*752 

24*851 

24*950 

25*049 

21 

25*148 

25*246 

25*344 

25*442 

25*540 

25*638 

25*736 

25*834 

25*931 

26-028 

22 

26*125 

27*222 

26*319 

26*415 

26*511 

26*607 

26*703 

26*799 

26*895 

26*990 

23 ! 

27*085 

27*180 

27*275 

27*370 

27*465 

27*560 

27*655 

27*749 

27*843 

27*937 

24 

28*031 

28*125 

28*219 

28*312 

28*405 

28*498 

23*591 

28*684 

28*777 

28*869 

1*25 

28*961 

29*053 

29*145 

29*237 

29*329 

29*420 

29*512 

29*603 

29*694 

29*785 

26 

29*876 

29*967 

30*058 

30*149 

30*239 

30*329 

30*419 

30*509 

30*599 

30*688 

27 

30*777 

30 * 86 *L 

30*955 

31-044 

31*133 

31*222 

31*311 

31*400 

31*488 

31*576 

28 

31*664 

31*752 

' 31*840 

31*928 

32*015 

32*302 

32*189 

32*276 

32*363 

32*450 

29 * 

32*537 

32*624 

32*711 

32*797 

32*883 

32*969 

31*055 

33*741 

33*227 

33*312 

1*30 

33*397 

33*482 

33*567 

33*652 

33*737 

33*822 

33*907 

33*991 

34*075 

34*159 

31 

34*243 

34*327 

34*411 

34*495 

34*579 

34*662 

34-745 

34*828 

34*91 f 

34*994 

32 

35*077 

35*160 

35*243 

35*325 

35*407 

35*489 

35*571 

35*653 

35*735 | 

35*817 

33 

35*899 

35*981 

36 * 062 * 

- 30*143 

36*224 

36 * 30 $ 

3 t 5 *386 

86*467 

36*548 

30*028 

34 

36*708 

36 * 7-38 

36*868 

36*948 

37*028 

37*107 

37*187 

37*267 

a >340 

37*425 

1*35 

37*504 

37*583 

37*662 

37*741 

37*820 

37*898 

37*977 

38*058 

38*134 

38*212 

36 

38*290 

38*368 

38*446 

38*524 

38*601 

38*678 

38^55 

38*832 

38*909 

38*986 

37 

39*063 

39*140 

39*217 

39*294 

39*370 

39*446 

39*522 

39*698 

39*074 

39*750 

38 

39*826 

39*902 

39*978 

40*053 

40*128 

40*203 

40*278 

40*363 

40*428 

40*503 

39 

40*578 

40*653 

40*727 

40*801 

40*875 

40*949 

41*023 

41*097 

41*171 

41*245 

• 
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Table for the Conversion of Specific Gravities— Cowled. • 


Sp. 

„ £ r * 


! 

i 

*> 

*1 

*2 

*3 

*4 

• 

*5 

J *6 

*7 

*8 

*9 


1*40 


■11-318 

41*392 

41-466 

41-53S 

I 41*612 

• 

41-685 

41-758 

• 

41*831 

41*904 

41-977 




! 42*049 

42*122 

42*194 

42*266 

! 42-338 

43r410 

42:482 

42*554 

42*626 

42*698 




42*769 

42*840 

42-912 

42*983 

! #13*054 

43*125 

43*196 

43-267 

43*338 

43*409 


i l 


42*479 

43*550 

43*620 

43*690 

i 43-760 

43*8<B0 

43*900 

43-970 

44*040 

44*110 


• 

% | 

44*1/9 

44*248 

44-318 

, 44-3S7 

44*456 

,.44-525 

44*594 

44*663 

44-732 

44*801 




41-889 

41*938 

45*007 

4*5*075 

45*143 

45*211 

45*279 

45-347 

45*415 

45 *483 




45*551 

45*619 

45-687 

45-754 

45-821 

45-888 

45*955 

46-022 

46*089 

46*156 


‘i / 

1 

46*223 

46*290 

46-357 

46-423 

46-489 

46*555 

46*621 

46-687 

46-753 

46*819 


*Io 

! 

*u'oo 

a 

46*9^1 

47-017 

47*083 

47-148 

47-213 

47-279 

47-344 

47-409 

47-474 


'lil 

* 

'if'OV'J 

47*bU4 

47-669 

47-734 

47-799 

4.7-863 

47*928 

47*992 

48*056 

48-120 


2 *50 

j 

4SUS4 ; 

48 -2 IS 

48*312 

48-376 

48*440 

48*503 

48-567 

48*631 

48 '694 

48*757 




18*820 

48*884 

48*947 

49-010 

49-073 

49-136 

49*199 

49*262 

49*325 

49*387 


52 


49*449 

19-512 

49*574 

49*636 

49*698 

49*760 

49*822 

49*884 

49-946 

50 *C0S 


;>8 

! 

« >0 *Qb9 

50-131 

50-193 

50*254 

50*315 

50-376 

50-437 

50*498 

50*559 

50-620 


\i4 

i 

oO'UvSl 

50*742 

50-803 

50-864 

50*924 

50-984 

51*045 

51-105 

51*165 

51*225 ! 


i a *55 

i 

51 *28; 

- i 
f - 

51 *345 

j 51*405 

51-465 

51*525 

51*584 

51-643 

51-703 

51*763 

51*822 


5 b 

j 

iiittsi j 

51-910 

1 51*999 

52*058 

52-117 

52*176 

52-235 

52*294 

52*353 

52-411 


*>7 


o‘2*409 » 

52 *5‘J8 

j 52*587 

52-645 

52-703 

52-761 

52*819 

52-877 

52*935 

52-993 




*>3*051 \ 

53*109 

| 53*167 

53*225 

53*282 

53*339 

[ 53-397 

53*454 

53-511 

53*568 


;<9 


;>*ru* 2 ; 

> . 

53*682 ' 

53*739 

53*796 

53*853 

53*909 

! 53*966 

54*023 

54-079 

54*135 


1 '(JO 

! 

54-UU 


51 "2 IS j 

.54*304 

54-360 

54*416 

54*472 

54-528 

' 54*584 

54*640 

54-696 


01 

; 

;> 1 */?U 

; 

54*807 

54 *8<>3 

54-918 1 

54-973 

55-028 

55*083 

55*13S 

55*193 

55*248 


02 


55*358 

55*413 

55*468 

55-523 

55-577 

55*632 

55*687 

55*742 

55*796 


<10 

1 < 

.m*N5 0 , 

55*901 1 

55*958 

5*6*012 

56-066 

56-120 

56*174 

56*228 

56*282 

56*336 


CM 

\ , 

i 

50*389 ’ 

56*443 ! 

50*497 

56*550 

56-603 

56-656 

56*709 

56*763 

56*816 

56*869 


I *05 


50 *922 

j 

56*975 j 

57*028 

57’OSl 

57-134 

57-186 

57*239 

57*2£2 

57*344 

57*396 


00 


■>7M4S 


51*501 

57*558 

57*605 

57-657 

57-709 

57*761 

57*813 

57*865 

57*917 


67 


>7*908 

i 58*020 

58*072 

58*124 

58-175 

58-226 

58*278 

58*329 

58*380 

58*431 


(H 

i; 

58*482 

58-533 

58*584 

58*635 

58-686 

58-737 

58*788 

58*839 

58*890 

58*940 

• 

60 

j t 
( 

18-itltO 

59*041 

59*092 

59*142 

59-192 

59-242 

59*292 

59*342 

59*392 

59*442 


1*70 

| 51H92 

; 59*542 ! 

59*592 

59*641 

59-691 

59-741 

59*791 

59*840 

59*890 

59*939 


7 1 

58*888 ( 

ill) -038 : 

60*087 

60*136 

60-185 

60-234 

60*283 

60*332 

60*381 

60*430 


72 

80**178 

! t 

10*5*27 ! 

60*576 

60*625 

00-673 

60-721 

60*770 

60*818 

60*866 

60*914 


76 

oo'jma 

I 61*010 

61 *058 1 

61*106 

61-154 

61-202 

61-250*’ 

61*298 

61*346 

61*394 


74 

til Mil 

: ty-iso , 

61 *537 \ 61 *585 

61-/J32 

61-679 

61*727 

61*774 

61*821 - 

-61*868 


4*75 

8 HU 5 

<i! "082 ' 

i 

62*009 

62*056 

62-103 

62-150 

62*197 

62*244 

62*291 

62*337 


76 

62*888 

82-130 | 

62*477 

62*523 

62-569 

62-615 

62*662 

62*708 

62*754 

62*800 


77 

82*846 

82-882 1 i 

62*938 

62*984 

63-030 

63-075 

63*121 

63*167 

63*213 

63*258 


78 

83*806 

. 83-349 ! i 

63*395 1 

63*440 

63-485 ■ 

63-530. 

63*576 

63*621 

63*666 

63*711 


78 


83-801 j ( 

63*3161 

63*891 

63-936 i 

53-9*0 

64*025 

^4*070 

64*115 

64*159 


1*80* 

84-203 

84-218 j i 

11-293 i 

64*337 

64-381 ( 

54-425 

64*469 

64*514 

64*558 

64*602 


81 

«4*fl4fi 

84-6B0 t 

31-734 { 

34-778 ' 

64-822 l 

54-866 

64*910 

64*954 

64*998 

65*041 


82 

85*084 

85-228 85^172 ( 

35*215 1 

65-258 1 

55-301 

65*345 

65*388 

65*431 

65*474 


83 

85*517 

85-560 85-603 ( 

35*646 i 

65-689 ( 

55-731 

65*774 

65*817 

65*860 

65*902 


84 

85-844 

65-987 1 66-030 t 

36*073 i 

66-115 < 

56-157 

66*200 

66*242 

66*284 

66*326 


1%5 

88-368 


• , 

1 

... | 





9 




' 

m 








. v 




- 

3lJ 
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TABLE XII. {Text, p. ' , 

Comparison of various Hydrometers, for Liquids lighter than 
Water, ^with Specific Gravities. 


Degrees. 

Baume, 

Baume. 

Cartier. 



Beck. 

Degrees. 

Baume, 

m Baume, 

| Heartier. 

i * 

; u«!ic. 

Cartier, 
and Beck. 

Sp. gr. 

Sp. gr. 

Sp. gr. 

Cartier, 
ami Beck. 

| Sp. gr. 

j *P- gr. 

i 

Sp. gr. 

0 



1-0300 

36 

; 0*8488 

0*8439 

0*8252 

1 


... 

0*9941 

37 

0*8439 

0*8387 

0*8212 

2 



0-9883 

38 

0*8391 

0-8336 

0*8173 

3 



0-9826 

39 

0*8343 

0-8286 

o-ffm 

4 



0*9770 

40 

0*8295 

... 

0*8095 

5 



0-9714 

41 

0-8249 


0-8001 

6 



0*9659 

42 

0*8202 


. 0*8018 

7 



0*9604 

43 

0*8156 


0*7981 . 

8 



0-9550 

44 

0-8111 


0*7944 

9 



0*9497 

45 

0*8066 


0*7907 

10 

1*0000 


0*9444 

46 

0-8022 


0 - 7 S 71 

11 

0-9932 

1-0000 

0*9392 

47 

0-7978 


0*7831 

12 

0*9865 

0-9922 

0*9340 

48 

0-7935 


0*7799 

13 

0-9799 

0*9846 

0*9289 

49 

0-7892 


0*7763 

H 

0*9733 

0*9764 

0*9239 

50 

0*7849 * 

# 

0*7727 

15 

0*9669 

0-9695 

0*9189 

51 

0*7807 


• 0-7692 

-16 ; 

0*9605 

0*9627 

0*9139 

52 

# 0*7766 


0*7658 

17 j 

0-9542 

0-9560 

0*9090 

53 

0*7725 


0*7023 

18 | 

0-9480 

0*9493 

1 0*9042 

54 

0*7081 

... 

0*7589 

19 

0*9420 

0*9427 

: 0*8994 

55 

0*7643 

*.» 

0*7556 

20 j 

0*9339 

0-9363 

: 0*8947 

56 

0*7604 


0*7522 

21 1 

0-9299 

0*9299 

0*8900 

57 

0*7565 

* *’* 

0*7489 

22 

0*9241 

0*9237 

0*8854 

58 

0*7526 


0*7450 

23 1 

0*9183 

0*9175 

0*8808 

59 

! 0*7487 


0*7123 

24 : 

0-9125 

0*9114 

0*8762 

60 

| 0*7449 


0-7391 

25 j 

0*9068 

0*9054 

I 0*8717 

61 

1 IM 


0*7359 m 

26 

0*9012 

0*8994 

0-8673 

62 



0*7828 

27 | 

0*8957 

0*8935 

; 0*8629 

63 



; 0*7290 

28 | 

0*8902 

A 8877 

! 0*8585 

64 



0-7265 

29 ! 

0-8848 

0*8820 

I 0*8542 

65 



1 0*7234 

30 ' ! 

0-8795 

0*8763 

i 0*8500 

* 06 

... 

♦ *'* 

0*7203 

31 j 

0*8742 

| 0*8707 

0*8457 

67 

• * . 


0*7178 

32 | 

0-8690 

0*8652 

0*8415 

88 



0*7142 

33 ! 

0*8639 

0*8598 

0*8374 

69 

... 


* 0*7112 

34 

35 

0*8588 

0-8538 

0-8545 

0*8491 

m 

0*8333 
• $*8202 

70 

# *# 

*•* 

0*7088 



TABLE XIII. {Text, p. 171 .) 

Table for the»Reduction of the Anemometer Readings to ‘Velocity 
• , .of Current, expressed in feet per second. 

Column a gives the anemometer readings in inches ; column ^ # the velocity in feet 
per second at a temperature of 15 0 C.=£o° F., and barometric pressure 
700 mm. — 29*92 inches. • 0 


. 1 

: { 

; incite* ! 

v b . 

Feet per sec. 

a . 

Inches. 

# b . 

Feetaper sec. 

• 

a . 

Inches. 

b . 

Feet per sec. 

a . 

Inches. 

b . 

Feet per sec. 

I -01 

2*855 

*16 

11*42 

*32 

16*15 

*95 

27-83 

1 *02 

4*038 

• *17 

11-77 

*34 

16*65 

1*00 

28*55 

! *03 

4*945 

*18 

12*11 

•36 • 

17*13 

1*25 

31*93 

( *04 

5*710 

*19 

12*45 

*38 

17-60 

1*50 

34-97 

1 -or, 

6*384 

*20 

12-77 

*40 

18*06 

1*75 

37-77 

*m; 

6*993 

*21 

13*08 

*45 

19*15 

2*00 

40-37 

*07 

7*554 

*22 

13*39 

*50 

20*18 



*08 

8*075 

*23 

13*70 

*55 

21*17 



;09 

1 *8*565 

*24 

13*99 

*60 

22*12 

... 


*10 

j 9*02S 

*25 

14*28 

*65 

23*02 



*11 

9*469 

# *26 

14*56 

*70 

23*89 



*12 

9*891 

*27 

14*84 

*75 

24*73 



•la 

10*29 

*28 

15*11 

*80 

25*54 



*14 

10*68 

*29 

15*38 

•85 

26*32 



*15 

1V*6 

• 

*30 

15*64 

*90 

27*08 




* TABLE XIV. {Text, p . 172 .) * 

Table for the Reduction of the Anemometer Readings to Velocity 
of Current, expressed in metres per second. 

Column a gives the anemometer readings in millimetres ; column b the velocity in 
metres per second at a temperature of 15 0 C., and barometric pressure 760 mm. 




mifti. ; m. 

«. 

mm. 

• b . 
m . 

a. 

mm. 

b . 

m. 

a* 

a. 

mm. 

h . 

m. 

a . 

mm. 

b . 

m. 

a . 

mm. 

' k 

m. 

— m — 

0-1 ' 0*575 
0-2 i 0-771 
0-3 I 0-044 . 
0-4 i-000 

0-5 j 1-205 
0-8 ! 1-341 
0-7 1-442 

0-8 1-560 

0- 9 1-686 

1- 0» 1-724 

1-1 1-808 
1-2 1-S8& 

1-3 1-966 

1*4 

1*5 

1*6 

1*7 

T8 

1*9 

2*0 

2*1 

2*2 

2*3 

2*4 

2*5 

2*6 

2*040 

2*111 

2*181 

2*248 

2*313 

2*376 

2*438 

2*498 

2*457 

2*615 

2*671 

2*726 

2*779 

2*7 

3*8 

2*9 

3*0 

3*2 

.3*4 

3*6 

3*8 

4*0 

4*2 

4*4 

* 4 ' 6 

4*8 

2*833 
* 2*885 
2*935 
2*986 
3*077 
3*179 
3*271 
3*361 
3*448 j 
3*569 
3*616 
3*698 
3*777 

5*0 

5*2 

5*4 

5*6 

5*8 

6*0 

6*5 

7*0 

7*5 

8*0 

8*5 

9*0 

9*5 

3*855 

3*931* 

4*006 

4*080 

4*152 

4*223 

4*395 

4*561 

4*721 

4*876 

5*026 

5*172 

5*314 

* 

10*0 
* 10*5 
11*0 
lVff 
12*0 
12*5 
13*0 
13*5 
14*0 
15*0 
16*0 
17*0 
’ 18*0 

5*452 
5*586 
53718 
5*846 
5*972 
6-095 
6*216 
6*334 
6*450 
6-6773 
6*896 ! 
7*108 
7*314 

3 

19*0 

20*0 

21 

22 

23 
, 24 

25 

30 

35 

40 

45 

50 

9 

7-515 

7-710 

7- 900 

8- 086 
8-268 

8- 446 
8-620 

9- 443 
10-199 1 

10- 903 

11- 565 

12- 190’ 
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TABLE XV. i 7V.i I, j>, ITT) 


Table for Correction for the Temperature at which the Anemom- 
eter Readings are made, to 15 C. 60 F, 


Column it gives the observed teipjientnin* ; column the fat tor by w Hi « h values 
in column b of 'fables 1. and II.\unjst be multiplied, to give the (Direct 
velocity. * 


i * 






• * 1 


** 

; : 

! M\ , 

k 

; t\ 

5. 

n„ 

t v. 

k 

a, 

1 k\ 

k 

41, 

l »', 

I,, 


i *o m 

18 

0*395 

12* 

0 '950 

66 

0*922 

1 10 

0*805 

; - ft ! 

i im 

20 

0*991 

n 

0-958 

OH 

0*919 

\ 30 

0 ,8 *5 

j !! > 

1 *027 

22 

0*98^ 

10 

0*950 

70 

0*916 

16* 

0*815 


1 *0 ,J2 

21 

0*985 

48 

0*917 

75 

0*912 

170 

U'S)6 

| 3 j 

1*020 

26 

0*981 

r »0 : 

0*9 H 

80 

0*903 

Ho 

0*797 

j 0 ! 

1*010 

28 

0*978 

52 J 

0*9U 

85 

0*809 

1 30 

M*788 

i s 

1*012 

20 

i 0*975 j 

54 : 

0*939 

m ! 

0-H9O 

200 

0*780 

1 10 

1*009 

82 

1 0*972 ; 

50 

0*9:15 

05 1 

0*884 

210 

0*772 

i 12 

1 005 

31 ! 

| 0*908 1 

38 . 

0*983 

100 

0*87.8 

220 

0*701 

! u 

1 *002 

36 : 

| 0*905 

60 1 

i 0*930 

no 

0-837 

230 

0*756 

15 

1-000 

38 

| 0*902 

02 ! 

0*027 

120 

0*850 

24u 

0*749 

u 

\ 

0*998 

40 

1 0*959 

04 ! 

0*021 

130 

: 0*815 

250 

0*742 

• i 





„„ , 






200 

0*755 

2/0 

0*728 

280 

0*721 

290 

10715 

200 ’ 

0 709 

320 : 

0**197 

J 10 ' 

O' 68 5 

500 ] 

0*67*4 

100 

0*631 

130 S 

U'031 

300 

0*603 


TABLE XVI. 


( 7V.i*/, //. 1 71* ) 


Table of Temperatures indicated by Segtr Cones. 


Numbor 
of Com, 

Tem- 

perature. 

*a 

Number i 

OfCOlifL 

| 

Torn* 

ijtrntuw, 

■c. 

Number 
of Com , 

Tem- 

perature, 

Number | 
of Com. 

j Tam- 
twature. 

-a 

Number 
of COIMb 

IVm- 

iHsmtar# 

*0. 

022 

590 

0??P* 

950 

3 

1190 

15 

1430 

27 

1070 

02f 

620 

09 

970 

4 • 

1210 

16 

145u 

28 

1890 

020 

650 

08 

990 

5 

1230 

17 

1470 

29 

1710 

019 

680 

07 

1010 

6 

1250 

18 

1490 

30 

1730 

018 

710 

06 

1030 

7 

1270 

19 

1510 

31 

1750 

017 

740 

05 

1050 

8 

1290 

20 

1530 

32 

1770 

016 

770 

04 

ior<* 

9 

1310 

- Sfl 

1550 

33 

1790 

015 

800 

•03 

1090 

10 

1330 

22 

1570 

*34 

1810 

014 

830 

02 * 

1110 

11 

1350 

23 

| 1590 

35 

' 1830 

013 

860 

01 

1130 

12 

1370 

24 

1 1810 

36 

1850 

012 

890 

1 

1150 

13 

1390 

25. 

j 1630 


Oil 

920 

2 

1170 

14 

1410 

1 

26 

1650 





Table for Correcting th$ Volume of Gases having a Calorific Value of 5000 Calories ( ± 200 Calories), 
* per cubic metre, to 15° C. and 760 mm. , 

The figures give t% amount to be added to the ascertained calorific value ; the inclined figures are'minus values. # 
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0 

m 

Wffi(M'rfUsOC0tD05(Ml000HCCI>O«0«JONvO05(Nvo05(N^00HlCiC0 
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appendix 


TABLE XVIII. {Text, p. 309.) 

Soecific Gravities of Solutions oft Sulphur in Carbon Bisulphide, 
with the corresponding ^eights of gulphur dissaved ,by 100 
parts by weight of pure Carbon Bisulphide at#l5° c -> compared 
with Water at 4 ° C. 


Specific 
gravity. < 

Sulphur 1 S 
lissolvod. g 

1-2708 

0 0 1 

1-2717 

0*2 I 1 

1-2726 

0*4 1 

1-2736 

0*6 

1-2745 

0*8 

1-2754 

1*0 

1-2763 

1*2 

1-2772 

1*4 

1-2782 

1*6 

1-2791 

1*8 

1-2800 

*2*0 

1-2809 

2*2 

1-2819 

2*4 I 

1-2828 

2*6 I 

1-2838 

2*8 

1-2847 

8*0 1 

1-2856 1 

3*2 1 • 

1-2866 

3*4 

1-2875 

3*6 

1-2885 

3*8 

1-2894 

4*0 I 

1-2903 

4*2 1 

1-2912 

4*4 1 

1-2920 

4*6 

1-2929 

4*8 1 

1-2938 

6*0 1 

1-2947 

5*2 f 

1-2966 

5*4 1 

1-2964 

5*6 1 

1-2978 

5*8 1 

1-2982 

6*0 1 

1-2990 

i 

6*2 1 


I Sulphur 
: inssulvH. 


"2999 


•3050 
1-3058 
1-3006 
1-3074 
1-3083 
1-3091 
1-3100 
1-3108 
1*3116 
1-3125 
1 1-3133 
1-3142 
1-3150 
1-3158 
1*3166 
1-3174 
1-3182 
1-3190 
1-3199 
1-3207 
*1-3215 
1-3223 
1-3231 
1-3239 
1-3247 
1-3255 


# 

Specific ; Sulphur 8 

gravity. ! difWiU*e*U g 

1-3263 

12*8 | 1 

1*3271 

18*0 j 

1-3279 

13*2 | 

1-3287 

13*4 

1-3295 

13*6 1 

1 -3303 

13*8 

1-3311 I, 

14-0. 1 

1*3319 j 

14*2 

1-3326 

14-4 I 

1-3334 

14-6 j 

1-3342 

14*8 1 

1-3350 

15*0 1 

1-3357 

15*2 1 

1*3365 

15*4 

1-3373 

15-0 I 

1-3380 

15-8 

1-3388 

16*0 L 

1-3396 

16*2 1 

1*3403 

16*4 r 

1*3411 

16*6 

1*3418 

16*8 

1*3426 

17*0 

1*3433 

1 17*2 

1*3441 

17*4 

1*3448 

17*6 1 

1*3456 

17-8 

1*3463 

18*0 l 

♦ 1*8470 

18*2 f 

1*3478 

18*4 

1*3485 

18*6 

1*3492 

18*8 I 

1*3500 

19*0 


~ 1 


ruvity. 


1 - 352(1 
1*3530 
1-3513 
1 -3550 
1-3557 
1-3564 
1-3571 
1 -3577 ; 

1 -3584 ; 

1-3591 •' 
1 -3598 , 

1-3005 i 
1-3612 
1-3619 
1-3626 
1*3633 
1-3640 
1-3648 
1-3653 
1-3680 
1-3667 
1-8674 
1-8681 
1-3688 
1-3695 
1-3702 
1-3709 


Sulphur 
ill'll tlvrtl. 


To *2 

19*4 
19*6 
19*8 
20*0 • 
20 *2 

20 M 
20*0 
20 *8 

21 *0 
21 *2 
21 *4 
21 *6 
21*8 
22*0 
22 '2 
22*1 
22*0 
22*8 
2S*o 
23*2 
23*4 
23*6 
28*8 
24*0 
24*2 
24*4 
24*6 
24*6% 
25*0 
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TABLE XI t. {Text, p. 305.) 

0 

Table of the Specific Gravity Qf Solutions of Sulphur 
Dioxide in Water. 


Specific 

gravity. 

* 

Temp. 

°C. 

* 

u 

Per cent. 
SOo. 

• 

Specific* 

gravity. 

Temp. 

°C. 

Per cent. 
SOo. 

% 

1-0051 

• 

15-5 

*0*99 

1-0399 

15-5 

8-08 

1-0102 

15*5 

2*05 

1*0438 

15*5 

8-68 

1-0148 

15*5 

2-87 

1-0492 

15*5 

9-80 

1-0204 

• 15*5 

4*04 

1-0541 

15*5 

10-75 

1-0252 

15*5 

4*99 

1*0*97 

12*5 

11-65 

1-0297 

15*5 

5-89 

1*0668 

11 

13-09 

1-0358 

15*5 

7*01 





- ^ TABLE XX. (Text, p. 324.) 

Table for correcting the Specific Gravity of Nitric Acid for the 
contained Nitric Peroxide. 


Specific "Gravity of Initial Acid 1.4960 at i 5 °/ 4 ° 0 n vacup). 


N..O, 
per cent. 

Alteration of the 
Spocific»Gravity 
by N^0 4 . 

N0O4 
per cent. 

Alteration of the 
Specific Gravity 
by N0O4. 

N 2 ©4 

per cent. 

Alteration of the 
Specific Gravity 
- by N0O4. 

0*25 

0*00050 

4*50 

0-02875 

8*75 

0*05825 

0*50 

0-00075 

4-75 

0*03050 

9*00 

0*06000 

^ 0-75 

0*00150 

5*00 

0*03225 

9*25 

0*06160 

1-00 

0*00300 

5*25 

0*03365 

9-50 

0-06325 

1 *25 

0*00475 

5*50 

0-03600 

9-75 

0*06500 

1-50 

0*00675 

5-75 

0-03775 

10*00 

0*06600 

1-75 

0*00775 

6*00 

0-03950 

10*5 

0*06815 

2*00 

0*01^50 

6*25 

•$•01175 

10*50 

0*06973 

2-25 

0*01250 

6*50 

0-04300 

10-75 

0-07135 

**2*50 

0 01425 

6*75 

0-04475 

11*00 

0*07300 

2*75 

0*01625 

7*00 

0-04650 

11-25 

0*07450 

3*00 

0*01800 

7*25 

0-04720 

11*50 

0-07600 

3*25 

0*01985 

* 7450 

0-05000 - 

11*75 

0*07750 

3*50 

0*02165 

7'75 

0-05165 * 

12-00 , 

0*07850 

3*75^ 

* 0-02350 

8-00 

0-05325 

12*25 

0*08050 

4-00 

0-02525 

8*25 

0-05500 

12*50 

0*08200 

4*25 

0*02690 

8*50 

** 

0-05660 

12-75 

0*08350 
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TABLE XXL CM, p. ^5.) 

_ .. n-avitv*of Nitric Acid of varies strengths, 

Tabie o£ the Specie Grav^of at , c . 



ft 

*"“'1 

100 Purls by wulgbt n,»ntain 


1 Ulr<* 

miitnliH k«. 

I *1 


* Acul i Aei\ | 

; 40 »- 1 

Avh\ 

! 

4s;0- # 

i * i 

N',ji)v 1 HXOa* : 

\ i 

* 

A Bid A<n«l 

of ! “f J 
so n. | •»> j 


1-000 1 0 
1-005 1 0-7 
1-010 I 1'4 
1 - 015 } 2-1 
1-020 j 2-7 
1 - 025 } 3-4 
1 - 030 } 4 ‘] 
1 - 035 } 4 -; 
1-040 } 5 -- 
1-045 } 6 -i 
1 -050 I 0 " 
1-055 } 7 - 
1-060 1 8 - 
1-065 } 8 - 
1-070 1 9 ' 
1-075 } 10 
.. 1*080 1 10 
1 - 085 } 11 
1 - 090 } 11 
1 - 095 } 12 
1-10* IE 
1-105 15 
1-110 } 1< 
1 - 115 } 1 - 
1 - 120 } H 
1 - 125 } 1 
1 - 130 } 1 
1 - 135 } 1 
1 - 140 } 1 
1 - 145 } 1 
1 - 150 } : 
1-155 ' 
1 - 160 } 
1 - 165 } 
1 - 170 } 
1 - 175 } 
1-180 
1-185 | 
1-190 1 
1-195 } 
1-200 
1-205 
1-210 
1-215 ! 
1-220 
1-225 
1-230 
1-235 
1-240 
1-245 
1-250 


0 0 

0- 7 1 

1- 4 2 

2 - 1 3 

2- 7 4 

3- 4 5 

4- 1 £ 

4- 7 ' 

5- 4 I 

6- 0 I 
0-7 , 1 

7- 4 1 

8 - 0 } 1 

8- 7 } 1 

9- 4 } 1 
10-0 1 

i 10-6 1 1 

I 11-2 } ■ 

11- 9 } I 

12- 4 

13- 0 } 

} 13-6 } 

1 14 ’ 2 1 

} 14-9 } 

} 15-4 } 

} 160 } 

I I 16-5 } 

> I 17-1 } 
)} 17-7 } 

5 } 18-3 } 
0} 18-8 } 
B IS’S } 
0 1 19*8 } 
5 } 20-3 } 
’0 1 20-9 
75 } 21-4 
30 22-0 
85 | 22-5 1 
90 1 23-0 
95 } 23-5 
00 } 24-0 
:05 } 24‘5 
!10 25-0 
!15 25-5 
320 } 26-0 
225 } 26-4 
230 } 26-9 
235 | 27-4 
240 27-9 
245 28-4 

250 I 28-8 


7 • 5 

8 6 

9 0 

10 7 

11 i 

12 i 

13 I 

14 1' 

15 1 

16 1 

17 1 

18 1 

19 1 

20 1 
21 : 
22 } 

23 J 

24 1 

25 } 

26 

27 } 

28 

29 

30 I 

31 
82 

33 

34 

35 

36 

37 

. 38 

, 39 

) 40 

i 41 
) 42 

5 43 

0 44 

4 45 

9 46 

4 47 

9 48 

■4 49 

■8 50 


9-15 10-68 2( 
9-87 11‘51 1 2' 

10- 57 12-33 2 

11- 27 13-15 2 

11- 96 13-95 2 

12- 64 14-74 2 

13- 31 15-53 2 

13- 99 16-32 < 

14- 67 17-11 - 

15- 34 17-89 I 
,16-Oa 18-67 

j 16-67 19-45 
1 17-34 20-23 
} 18-00 21-00 

18- 66 21-77 

19- 32 22-54 

19- 98 23-31 ' 

20- 64 24-08 

21- 29 24*84 

21- 94 26-60 

22- 6<W 26-36 

23- 25 1 27-12 
23-90 27-88 
24*54 I 28*63 

; 25-18 29-38 

' 25-83 30-13 

! 26-47 30-88 

) 27-10 31-62' 

3 2f-74 32-36 

1 28-36 33-09 

2 28-99 33-82 


29- 61 34-55 

30- 24 35-28 

30- 88 36-03 

31- 53 36-78 

32- 17 37-53 

32- 82 38-29 

33- 47 39-05 
343.3 39-82 


0- 19 1 0- 

1- 89 1- 

3-60 3' 

5-30 4 

7D1 5 
8-71 7 

10-42 8 

12-08 10 
13-75 11 

15*40 , 12 

17- 03 1 1-1 

18- 64 1! 

20- 23 11 

21- 30 II 

23-35 1 

I 24-91 2 

26- 42 2 

27- 92 2 

29- 41 2 

30- 91 

32- 41 

33- 89 

35- 36 

36- 84 

i 38-31 
) 39-77 

7 41-23 

1 42-69 

1 44-15 

8 45-61 

4 47*05 

0 48-49 

16 49-92 

.2 51-36 

58 52-80 

53 54-22 

38 55-64 

13 57-07 

88 58-49 

62^ -9"89 
36 61-29 

•09 62-67 

•82 64-05 

■55 65-44 

•28 66-82 
•03 68-24 

•78 69-66 

•53 71-08 

•29 72-52 

•05 •* 73-96 
i-82 75-42 


4- 52 2' 

5- 98 3 

7-43 4 

S-SS 5 

10- 30 6 

11- 72 7 

13- 13 8 

14- 52 C 

15- 89 It 

17- 25 1! 

18- 59 1' 

19- 91 1' 

21- 24 1 

22- 53 1 

23- 80 1 

25- 03 1 

26- 35 1 

27- 63 1 

28- 89 1 

30- 15 ' 

31- 41 

32- 67 

1 33-91 
35-16 
36-40 
37-65 
38-89 
40-12 
41-35 
42-57 
4g-80 
0 45-03 

2 46-24 

4 47-45 

i7 48-66 
: 9 49-87 

19 51-07 

!9 52-26 

37 5 3-23 

35 54-21 

14 55"18 

32 56-16 

24 57-64 

66 59-13 

08 60-61 
52 61-84 

96 63-07 

•42 J 64-31 


0- io I o-o 

1- 03 1 0-0 

1- 95 I 0-0 

2- 87 1 0-0 

3- 79 |0-C 

4- 72 JO’C 

5- 64 }0-( 

6- 54 0-( 

7- 45 } 0-1 

8- 34 | 0- 

9- 22 0- 

10-09 Jo- 

10- 95 }o- 

11- 81 0 

12- 65 }0 

13- 49 }0 

14- 31 }0 

15- 12 }0 

1 15-93 JO 
16-74 C 
17-15 C 
18-35 }( 
19-15 < 

19-95 i 
20-76 } 
21-54 } 
22-33 } 
23-12 1 
23-91 I 
24-70 I 
; 25-48 } 

, 26-26 
' 27-04 

) 27-82 

3 28-59 ! 

1 29-36 

5 30-13 

6 30-90 

7 31-67 

7 32-43T 

6 33-19 

3 33-94 

1 34-69 

8 35-44 

6 36-18 
14 36-95 

,3 37-72 

51 38-49 

34 39-27 

D7 40-05 
31 1 40-84 


o-ooi o-ooi o-oc 
0-008 0-010 0-01 
0-016 0-019 o - o : 

0-024 0*028 0-01 
0-033 0-038 O - O 1 

1 0 0 -047 0-0 
9 0-057 0-1 
7 0-066 0-1 
t 0-075 0-1 
’3 i 0-085 0-1 
Si > 0-094 0-1 
39 i 0-104 0-1 
37 I 0-113 0-S 
05 CW123 j 0-: 
13 0-132 0-1 
21 0-141 0- 
29 0-151 0- 
37 I 0-160 0- 
451 0-169 0 - 
l 53 0-179 0’ 
161 0-188 0 
170 0-198 0 
177 I 0-207 0 
186 0-217* 0 
195 0-21tf C 
202 0-236 C 
■211 0-246 ( 
•219 0-256 I 

•228 0-266 1 
•237 0-276 
• •245 0-286 
1-254 0-296 
1-262 0-306 
>-271 0 - 31,6 
0-279 0 - 32o 
3-288 0-336 
3-297 0 347 
3-306 0-357 
0-315 0-367 
0-324 0-378 
0-333 0-388 
0-342 0-399 
0-351 0-409 
0-360 0-420 | 
0-369 0-430 
0-378 0-441 
0-387 0*452 
0-397 0-463 
0-407 0-475 
0 - 4*7 0-486 
0-427 0-498 


0-002 0-002 : 0-001 
0-019 ! 0-016 I 0-010 
0-036 0*031 1 0-019, 
0-053 \ 0-045 0-029 
0-072 10-061 0-049 
0-0S9 > 0-076 0-048 
0-108 0-092 0-058 
0-125 0-107 0-008 
0-142 0-121 0-077 
0-161 0-137 0-087 
0-178,. 0-152 0-090 
0-197] 0-168 0-107 
0-214 0-182 } 0*116 
0-233 0-198 0-126 
0-250 0-213 0-135 
0-267 P -228 0-145 
0-286 0-244 0-155 


0-303 0-258 0-164 
O-raO O-273 0-173 
0-339 ID-289 0-184 
0-356 0-304 0-193 
0-376 0-320 0-203 
0-392 0-336 0-212 
i 0-411 0-350 0-228 
I 0-430 0-366 0-238 
0-447 0-381 0-242 
0-466 0-397 0*252 
0-485 0-413 0-263 
0-504 0-430 0-273 
0-523 0-446 0-258 
0-542 0-462 0-293 
0-561 0-478 0-804 
0-580 0-494 0-314 
i 0-598 0-510 0 324 
, 0-617 0-526 0-334 
( 0-636 0-543 0*345 
■ 0-657 0;560 0-356 
r 0-676 0-577 0-366 
7 0-695 0-593 0-876 
3 0-715 0-610 0-388 
3 0-73C 0-627 0-398 
3 0-755 0-6S4 0-409 
9 0-775 0-661 0*419 
0 0-795 0-678 0-481 

0 0-815 0-695 0-441 

1 0-835 0-712 0*455 

2 0-856 0-780 J?-46( 
.3 0-877 0-748 0-47! 
5 0-900 0-767 0-481 
16 0-921 1 0-785 0-491 
18 0-943 0-804 0*51 
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Table of the Specific Gravity of Nitric Acid, etc. — Continued . 


* 

HpftC. 

'Grav. 

3% 


• 



, 

100 Parts by weight contain 

• 

1 Litre contains kg. 

15 ° 

4 r 

£ 9 

IP 3 

S -§ 

n 2 0 5 . 

hno 3 . 

Acid 

Acid 

Acid 


4 

Acid 

Acid 

Acid 

( in , 

Q CP 

P H 

of 

of 

of 

n 2 o 5 . 

HNO3. 

of 

of 

of 

vacuo ). 

% 




86° B. 

40 ° B. 

48 ^° B. 

• 

36 ° B. 

40 ° B. 

4 S£° B. 

1*255 

29*3 

51 

34-78 

40*58 

76-86 

— • — 

65*54 

.41*62 

0-437 

0*509 

0*965 

0*822 

0*522 

1*230 

29*7 

52 

35-44 

41*34 

78*30 

66-76 

42*40 

0-447 

0*521 

0-987 

0*841 

0*534 

1*265 

.30*2 

53 

3 fc -09 

42*10* 

7 A -74 

67-99 

43*18 

0*457 

0*583 

1*009 

0*860 

0-547 

1*270 

30*6 

54 

36*75 

42-87 

81*20 

69*23 

43-97 

0-467 

0*544 

1*031 

0-879 

0*558 

1-275 

31*1 

55 

37-41 

43-64 

82*65 

70-48 

44-76 

0-477 

0*556 

1*054 

0*898 

0-570 

.1 *280 

31*5 

56 

38-07 

44*41 

84*11 

71-72 

45*55 

0-487 

0*568 

1-077 

0*918 

0*583 

1*285 

32*0 

57 

38- T 3 

45*18 

85-57 

72-96 

46*34 

0-498 

0*581 

1*100 

0*938 

0*596 

1*290 

32*4 

58 

39*39 

45*95 

87-03 

74*21 

4 T -13 

0*50 S 

0*593 

1*123 

0-957 

0*608 

1*295 

*32*8 

59 

40*05 

46-72 

88*48 

75-45 

47-92 

0*519 

0*605 

1*146 

0-977 

0*621 

1*300 

33*3 

60 

40-71 

47-49 

89*94 

76*70 

48-71 

0*529 

0*617 

1*169 

0*997 

0*633 

1*305 

*33*7 

61 

41-37 

48*26 

91*40 

77-94 

49*50 

0*540 

0*630 

1*193 

1-0 X 7 

0*646 

1*310 

34*2 

62 

42*06 

49-07 

92*94 

79-25 

50*33 

0*551 

0*643 

1*218 

1-038 

0-659 

1*315 

34*6 

63 

42-76 

49*89 

94-49 

80*57 

51-17 

0*562 

0*656 

1*243 

1*059 

0-673 

1*320 

35*0 

, 64 

43-47 

50-71 

96*05 

81*90 

52*01 

0-573 

0*669 

1-268 

1*080 

0*686 

1*325 

35*4 

65 

44-17 

51*53 

97-60 

83*22 

52*85 

0*585 

0*683 

1*294 

1*103 

0-701 

1*330 

35*8 

.66 

44*89 

52*37 

99*19 

84*58 

53*71 

0-597 

0-697 

1*320 

1*126 

0-715 

1*3325 

36*0 

66*5 

45*£6 

52*80 

100*00 

85-27 

54*15 

0*603 

0-704 

1*333 

1-137 

0-722 

1*335 

36*2 

67 

45*62 

53*22 

100*80 

85*95 

54*58 

0*609 

0-710 

1*346 

1*148 

0-728 

1*340 

36*6 

68 

46*35 

54*07 

102-41 

87-32 

55*46 

0*621 

0-725 

1*373 

1-171 

0-744 

1*345 

37-0 

69 

47*08 

54*93 

104*04 

88-71 

56*34 

0*633 

0-739 

1*400 

1*193 

0*758 l 

1*350 

37*4 

70 

47*82 

55-79 

105-67 

90*10 

57-22 

0*645 

0-753 

1-427 

1*216 

0-772 

1*355 

37-8 

51 

48-57 

1 56*66 

107*31 

91-51 

58*11 

0*658 

0-768 

1*455 

1*240 

0-788 

1*360 

38*2. 

72 

49*35 

57*57 

109*03 

92-97 

59*05 

0-671 

0-783 

1*483 

1*265 

0-803 

1*365 

38*6 

73 

50*13 

58*48 

140*75 

94*44 

59*98 

0*684 

0-798 

1*513 

1*289 

•3-818 

1*370 

39*0 

74 

50*91 

59*39' 

112*48 

95*91 

60-91 

0*698 

0*814 

1*543 

1*314 

0*835 

1*375 

39*4 

75 

51*69 

60*30 

114*20 

97*38 

61*85 

0*711 

0*829 

1*573 

1*339 

0-850 

1*380 

39*8 

76 

.52*52 

61*27 

116*04 

98*95 

62*84 

0*725 

'0*846 

1*603 

1*366 

0-868 

1*3833 

40*0 

... 

53*08 

61*92 

117*27 

100*00 

63*51 

0*735 

0*857 

'1*623 

1*383 

0-879 

1*385 

40*1 

77 

93*35 

62*24 

.117*88 

100-51 

63*84 

0*739 

0*862 

1*633 

1*392 

0-884 

1*390 

40*5 

78 

54*20 

63*23 

119*75 

102*12 

64*85 

0*753 

0*879 

1*665 

1*420 

0-902 

1*395 

40*8 

79 

55*07 

64*25 1 

121*68 

103*76 

65*90 

0*768 

0*896 

1*697 

1*447 

0-919 

1*400 

41*2 

80 

55*97 

65*30 

123*67 

105*46 

66*97 

0*783 

0*914 

1*731 

1*476 

0-937 

*405 

41*6 

81 

56*92 

66*40 

125*75 

107*24 

68*10 

0*800 

0*933 

1*767 

1*507 

0-957 

1*410 

42*0 

82 

57*86 

67*50 

127*84 

109*01 

69*23 

0*816 

0*952 

1*803 

1*537 

0-976 

1*415 

42*3 

83 

58*83 

68*63 

129*98 

110*84 

70*39 

0*832 

0*971 

1*839 

1*568 

0-996 

1*420 

42*7 

84 

59*83 

69*80 | 

132*19 

112*73 

71*59 

0*849. 

J )*991 

1*877 

1*600 

1-016 

1*425 

43*1 

85 

60*84 

70*98 

134*43 

114*63 

72*80 

0*867 

x’Oll 

1*915 

1*633 

1-037 

1*430 

43*4 

86 

*1*86 

72*17 

136*68 

116^5 

74*02 

0*885 

1*032 

1*955 

1*667 

1-058 

1*485 

43*8 

87 

62*91 

73*39 

138*99 

118*52 

75*27 

0*903 

1*053 

1*995 

1*701 

1-080 

1*440 

44*1 

88 

64*01 

74*68 1 

141*44 

120*61 

76*59 

0*921 

1*075 

2*037 

1*736 

1-103 

1*445 

U % 

89 

65*13 

75*98 

143*90 

122*71 

77*93 

0*941 

1*098 

2*080 

1*773 

1-126 

1*450 

44*8 

90 ; 

66*24 

77*28 

146*36 

124*81 

79*26 

0*961 

1*121 

2*123 

1*810 

1-150 

1*455 

45*1 

91 ! 

67*38 

78150 

448*86 

126*94 

80*6# * 

► 0*981 

1*144 

2*167 

1*848 

1-173 

1*460 

45*4 

*92 

68*56 

79*98 

151*47 

129*17 

82*03 

1*001 

1**68 

2*212 

1*886 

1-198 

1*465 

45*8 

93 

69*79 

81*42 

154*20 

131*49 

83*51 

1*02$ 

1*193 

2*259 

1*927 

1-224 

1*470 

46*1 

94 

71*06 

82*90 

157*00 

133*88 

85*03 

1*045 

1*219 

2*309 

1*969 

1-250 

1*475 

46*4 ; 

95 

72*39 

8*4*45 

159*94 

136*39 

86*62 

1*068 

1*246 

2*360 

2*012 

1-278 

1*480 

46*8 

96 

73*76 

86*05 

162*97 

138*97 

88*26 

1*092 

1*274 

2*413 

2*058 

1-307 

1*485 

47*1 

97 

75*18 

87*70 

166*09 

141*63 

89*95 

1*116 

1*302 

2*466 

2*103 

1-335 

1*400 

47*4 

98 

7c*ao 

89*60 

169*69 

144*70 

91*90 

1*144 

1*335 

2*528 

2*156 

1-369 

i ‘49£ 

47*8 

99 

78*52 

91*60 

173*48 

147*93 

93*95 

1*174 

1*369 

*2*593 

2*211 

1-404 

1*500 

48*1 

100 

80*65 

94*09 

% 

178*19 

151*96 

96*50 

1*210 

1*411 

2*672 

2*278 

1-447 
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Table of the Specific Gravity of Nitric Add, etc* 


-('tmtnuTvtL 


Spec. 

Grav. 

at 

15° 

4 ° 

(in 

vacuo). 





100 1’arts by weight contain 

1 

1 Litre eunf.tii 

Degrees 

Baume. 

i! 

u 

bo % 

© F 

pu t 

trt 

NoOa. 

UNO;). 

5^ 
*4 3 

Acid 

of 

-10' JL 

Acbl 

of 

B. 

1 | A>’id 

X..O,,. 1 Of 

“ l | ««; it. 




- 

! _ 

__ * m 

— : 

« ~ 


A<\‘! j Acid 
o! of 


1*501 

1*502 

1*503 

1*504 

1*505 

1*506 

1*507 

1*508 

1*509 

1*510 

1*511 

1*512 

1*513 

1*514 

1*515 

1*516 

1*517 

1*518 

1*519 

1.1*520 


48*4 

48 : 5 
48 : 7 

49 

49*4 


101 


102 


103 


104 


81*09 

81*50 

81*91 

82*29 

82*63 

82*94 

83*26 

83*58 

83*87 

84*09 

84*28 

84*46 

84*63 

84*78 

84*92 

85*04 

85*15 

85*26 

85*35 

85*44 


94*60 

95*0S 

95*55 

96*00 

96*39 

96*76 

97*13 

97*50 

97*84 

98*10 

98*32 

98*53 

9S*73 

98*90 

99*07 

99*21 

99*34 

99*46 

99*57 

99*67 


f79*16 

180*0f 

180*96 

181*81 

182*55 

183*25 

183*95 

184*65 

185*30 

185*79 

186*21 

186*61 

186*98 

187*30 

187*63 

187*89 

188*14 

188*37 

188*58 

188*77 


152*78 

153*55 

154*31 

155*04 

155*67 

156*27 

156*86 

157*47 

158*01 

158*43 

158*79 

159*13 

159*45 

159*72 

160*00 

160*22 

160*43 

160*63 

160*81 

160*97 


97*03 

97*5*/ 

98-0)0 

98*46 

98*86 

99*27 

90*62 

100*00 

100*35 

100*62 

100*84 

101*06 

101*26 

101*44 

101*61 

101*75 

101*89 

302*01 

102*12 

102*23 


1*217 
1 *224 
1*231 
1 *238 


1*420 i 
1*428 i 
1*4£6 i 
1 *444 i 


2*089 I 2*293 j 
2*704 f 2*306 j 
2*720 ; 2 *31 9* 
2% *32 i 


2*785 | 


1*244 ! 1*451 
1*249 i 1*457 
55 1*461 
1*470 


2*748 
i 2*759 
i 2*778 
! 2*784 


1-265 ! 

1*476 

2*795 

2* 

884 ; 

1*514 

1 -270 ! 

1*481 j 

2*805 

2* 

892 j 

1*519 

_ 3 

1-27-1 ! 

1 *486 i 

2*814 

2* 

40 (f 

1 *52 1 

1-277 1 

1*490 

2 *822 

2 * 

*106 ! 

1*52S 

1 -2S0 ; 

1 *49 1 

2*829 

2 

413 

1*582 

1*288 

1*497 

2*835, 

2 

118 

1 *585 

1 -2S7 

1*501 

2*848 

* 2 

424 

1 $ 99 

1-289 

1 *504 

2*848 

*j 

*429 

1*543 

1-292 

1 *507 1 

2*854 

2 

*434 

1*516 

1 -291 

1*510 

2*860 

2 

*489 

1*549 

1-290 

1*512 

2*884 

2 

*442 

1*551 

1-299 

1*515 

2*869 


*447 

1 *554 


1 *456 

um 

1*473 
1*481 
m i 1*488 
2*353 1*491, 

2 *30 1 • 1 *p02 

2*374 ; 1 *508 


'TABLE XXII. (Text, p. 327.) 

Table for the Correction of the observed Specific Gravity of Nitric 
Acid for differences of Temperature between 13 and 17 C. 


Bpeclflc 

Gravity. 

Correction for 
*1“. 

Hpeeiilc 

Gravity. 

Correction for 

+ v. 

■ rr 

1-000—1-020 
1-021—1-040 
1-041—1-070 
1-071—1-100 
1-101—1-130 
1-131—1-161 
1-162— 1200 
1-201 — 1-245 • 
1-246—1-280 

+ 0*0001 • 
”“0*0002 
0*0003 

i 0*0004 1 

0*0005 
^ 0*0006 
# ^>*0007 
0*0008 
0*0009 

1-281-1-310 
1-311—1-350 
1-351-1-365 
1-366-1-400 
1-401-1-435 
1-436— l-49fi 
1-491—1-600 
1-501—1-520 

— — ■ — — ir* 

±S-om 

0-0011 

0-0012 

0-0013 

0-0014 

0-0015 

0-0016 

0-0017* 
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. . TABLE XXIII. {Text, p. 344 .) 

Table for^the estimation Nitr«us Acid in Nitrous Vitriol. 

^Expressed as HNO s , NaN 0 3 , and as nitric acid of 66°*5 and 77 0 Tw. at 15 0 C., in 
* winch 50 c.c. M 2 potassium permanganate is taken for the titration, and. the 
percentages by weight are based on sulphuric acid of i4oiTw. as unit. 


Ac fit 
required. 

XIXO3 . 

NaNO «. 

• 

Nfbric Acid £G°*5 Tw. 

Nitric Acid 77° Tw. 

a . 

b . 

a . 

b . 

cf . 

b . 

a . 

b . 


G. per 

Percentage 

G« per 

Percentage 4 

G. per 

Percentage 

G. per 

Percentage 

* 

Li ore . 

tg Weight. 

Litre. 

• • 

by Weight. 

Litre. 

by Weight. 

Litre. 

by Weight. 

10 

78-8 

4*61 

106*3 

6*22 

149*1 

8-72 

127*2 

7-44 

11 

71*6 

4*19 

96*6 

5*65 

135*6 

7*93 

115-6 

6-76 

12 

65*6 

3*84 

88*6 

5*18 

124*3 

7-27 

106*0 

6*20 

13 

60*6 

3-54 

81*8 

4*78 

414-7 

6-70 

97-8 

5-72 

1*1 

56*2 

3*29 

75-9 

4*44 

106*5 

6*23 

90*8 

5*31 

15 

52*5 

3-07 

70*9 

4*14 

99*4 

5*80 

84*8 

4*96 

if 

49-2 

2*88 

66*4 

3*88 

93*2 

5*45 

79-5 

4*65 

17 

46*3 

2-71 

62*5 

3*65 

87-7 

5*13 

74-8 

4-37 

18 

43-7 

2*56 

59*0 

3*45 

82*9 

4*85 

70-7 

4*13 

10 

41*5 

2-42 

55*9 

3-27 

78*5 

4*59 

66*9 

3*91 

• 20 

^ 9*4 

2*30 

53*1 

3*11 

74*6 

4*36 

63*6 

3-72 

21 

37-5 

2*19 

50*6 

2*96 

71-0 

4*15 

60*6 

3*54 

22 

K >-8 

2*09 

48*3 

2 * S 2 

67-8 

3*96 

57-8 

3-38 

23 

34*2 

2*00 

46*2 

2*70 

64*8 

3*79 

55*3 

3*23 

24 

32*8 

1*92 

44*3 

2*60 

62*1 

3*62 

53*0 

3*11 

25 

31*5 

1*84 

42*5 

2*49 

59-7 

3*49 

50*8 

2-97 

26 

30*3 

1-77 

40*9 

2*39 

57-4 

3*35 

48*9 

2*86 

27 

2 if 2 

1*71 

39'4 

2*30 

55*2 

3*25 

47*1 

2-75 

28 

• 28*1 

1*65 

38*0 

2*22 

53*3 

3*12 

45*4 

2*66 

29 

27*1 

1*59 

3 67 

2*15 

51*4 

3*01 

43*9 

2*56 

30 

26*3 

1*54 

35*4 

2-07 

49-7 

2*91 

42*4 

2*48 

31 

25*4 

1-49 

34*3 

2*01 

48*1 

2-81 

41-0 

2*40 

32 

24*6 

1*44 

33*2 

1*94 

46*6 

2*73 

39-7 

2*32 

33 

23*9 

1*40 

32*2 

1*88 

45*2 

2*64 

* 38*5 

2-25 

34 

23*2 

♦ 1*35 

31*3 

1*84 

43*9 

2*56 

37*4 

2*19 

35 

22*5 

1*32 

30*4 

1*78 

42*6 

2*49 

36*3 

2*13 

36 

21*9 

1*28 

29*5 

1*73 

41*4 

2*42 

35*3 

2*07 

37 

21*3 

1*24 

28*7 

1*68 

40*3 

2*36 

34*4 

2*01 

> 38 

20*7 

1*21 

28*0 

1*64 

39*3 

2*30 

33*5 

1*96 

39 

20*2 

1*18 

27*3 

1*60 

38*2 

2*23 

32*6 

1*91 

40 

, 19*7 

1*15 

26*5 

1*55 

37*3 

2*18 

31*8 ! 

1*86 

41 

19*2 

1*12 

25*8 

1*51 

36*4 

2*13 

31*0 

1*81 

42 

18*8 

1*10 

25*3 

1*48 

35*5 

# t )8 

30*3 

1*77 

43 

18*3 

* 1*07 

! 24*7 

1 * 4 $ 

34*6 

2*02 

29*5 

* 1*73 

44 

17*9 

1*05 

24*2 

1*42 

33*9 

1*98 

28*9 

1*69 

"45 

17*5 

1*02 

| 23*6 

1*38 

33*1 

1*93 

28*2 

1*65 

46 < 

' 17*1 

1*00 

23*1 

1*35 

32*4 

1*90 

27*6 

1*62 

47 

16*7 

0*98 

! 22*6 

1*32 

31*7 

1*85 

27*0 

1*58 

48 

16*4 

: 0*96 ' 

• 28 -2 

1*30 

3 ^ 1 > 

1*82 

26*5 

1*55 

49 

V *1 

0*94 

21*7 

1*27 

30*4 

1 * 78 * 

25*9 

1*51 

50 * 

15*8 

0*921 

21*3 

1*25 

29*8 

* 1*74 

25*4 

1*49 

55 

14*3 

0*837 

19*3 

1*13 

27*1 

1*59 

23*1 

1*35 

60 

! 13*1 

0*768 

17*7 

1*04 

24*5 

1*45 

21*2 

1*24 

65 

12*1 

0*709 

16*4 

0*96 

22*9 

1*34 

19*6 

1*14 

70 

11*2 

0*658 

15*2 

0*89 

21*3 

1*25 

18*2 

1*06 

75 

10*5 

0*614 

14*17 

0*829 

19*9 

1*16 

16*96 

0*99 

'SO 

9*85 

0*576 

13*3 

0*778 

18*6 

1*09 

• 15*9 

0*93 

85 

9*2 

0*542 

12*5 

0*731 

17*5 

1*03 

14*9 

0*87 

90 

* 8*7 

0*511 % 

11*8 

0*692 

16*5 

0*967 

14*1 

0 * 825 * 

95 

8*3 

0*485 

11*2 

0*655 

15 * 7 * 

0*918 

13*4 

0*783 

M 0 

7*9 

0*461 

10*6 

0*620 * 

14*9 

0*8715 

12*7 

% 0*744 
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TABLE XXIV. ’{Text; p. 315.) 

ff. 

Table for calculating’ Volumes of Nitric Oxide^to Weights .of 
Nitrogen, Nitric Oxide, Nitrous' Acid, Nitric Acid, * and 


Sodium Nitrate. 


X, 


Cl. 

mg. 

h. 

Percentage. 

O' 625 7 

0*0366 

1*2514 

0*0732 

1*8771 

0*1098 

2*5028 

0*1464 

3*1885 

0*1830 

3*7542 

0*2196 

4*3709 1 

0*2562 

5*0056 

0*2928 

5*6313 

0*3294 


N< >. 


T "j 

h. 

ntg. : 

Percentage. 

1-3402 : 

0*0784 

2-0804 j 

0*1508 

4-0U0G I 

0*2352 

5 -3608 , 

0*3136 

0-7010 

0*3920 

8-0412 : 

0*4704 

9-3814 j 

0*5488 

10-7216 

0*6272 

12-0018 

0*7056 


... . . 

----- - - 

(U 

h? 

mg. 

Prcentnge, 

1 *<5975 

* 0*0993 

8*3950 

3*1986 r 

5 *0925 

0*2979 

*0*7900 

0*8972 

8*4875 

0*4905 

10*1850 

0*5958 

11*8825 

0*6951 

13*5800 ^ 

0*7944 

15*2775 

0*8937 


c.c. 

NO. 

UNO :; . r 

Nitric AeH Tw. 

XaSOj. 1 

** - - - 1 

a. 

mg. 

h. 

Percentage. 

a. 

mg. 

- — 

h 

Percentage. 

#. 

h . 

Percentage. 

1 

2*8144 

0*1646 

5*333 

0*312 

3*7986 

0*2221 

2 

5*6288 

0*3292 

10*666 

0*624 

7-5972 

0-4 142 4 

3 

8*4432 

0*4938 

15*999 

0*936 

1 1 *3958 

0*6603 

4 

11-2578 

0-8584 

21*332 

1*248 

15-1944 

0-H.884 

5 

14*0720 

0*8230 

26-665 

1*580 

18*9930 

1*1105 

6 

16*8864 

(T9876 

31-998 

1*872 

22*7916 

1*8326 

7 

19*7008 

1*1522 

37-33* 

2*184 

20 *£$02 

1*5517 

8 

22*5152 

1*3168 

42-664 

2*496 

30*3888 

1 *7768* 

9 

: 

25*3296 

1*4814 

47-997 

2*808 

34*1874 

1*9989 

9 
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TABLE XXV. {Text, p. 348.) 


Table for determining the Specific Gravity of £ure .Sulphuric 

• Acid-water Mixtures from the Percentage Content. 

* 


"D 

*0 

■1 

*_ 

■2 

# *3 

1 4 

1 

• 

1 G 

*7 

•8 

*9 

v O * 

s* s 


Density of Sulphuric Acid at 4-15" C. compared with Water at -f 4° O. 


CJ 

"Jj 

for percentages given in units in the vertical column at the side 
horizontal lino above. 

• 

and in decimal parts in the 

0 

0*9991 

0*9998 


1*0012 

1*0019 

1*0026 

1*0033 

1*0040 

1-0047 

1*0054 

1 

1*0061 

1*0068 

1-0079 

1*0082 

1*0088 

1*0095 

1*0102 

1*0109 

1*0116 

1-0122 

2 • 

1*0129 

1*0136 

1*0143 

1-0149 

1*0156 

1*0163 

1*0170 

1*0176 

1*0183 

1-0190 

3 

1*0197 

1*0203 

1*0210 

1*0217 

1*0224 

1-0230 

1*0237 

1*0244 

1*0251 

1*0257 

4 

1*0264 

1-0271 

1-0277 

1-02S4 

1*0291 

1*0298 

1*0304 

1*0311 

1*0318 

1-0325 

• 5 

1*03«2 

1*0338 

1*0345 

1*0352 

1*0359 

1*0366 

1-0373 

1*0380 

1*0386 

1-0393 

6 

1 *0400 

1 -0407 

1*0414 

1*0421 

1-0428 

1-0135 

1*0442 

1*0449 

1-0456 

1-0462 

7 

1*046$ 

1-0476 

1*0483 

1*0490 

1-0497 

1*0504 

1*0511 

1-051S 

1*0525 

1*0532 

8 

1*0539 

1*0546 

1*0554 

1*0561 

1*0568 

1*0575 

1*0582 

1*0589 

1*0596 

1-0603 

9 

1*0610 

1*0617 

1*0624 


1*0638 

1*0645 

1*0653 

1*0660 

1-0667 

1*0674 

10 

1*0681 

1*0688 


1*0702 

1*0710 

1*0717 

1-0724 

1-0731 

1*0738 

1-0745 

11 

1-0753. 

.1-0760 

1*0767 

1-0774 

1*0781 

1-07S9 

1*0796 

1*0803 

1*0810 

1*0818 

12 

1*0825 

1*0832 

1*0839 

1*0847 

1 *0854 

1*0861 

1-0S68 

1*0876 

1*0883 

1*0890 

13 

1*0898 

1*0905 

1*0912 


1*0927 

1*0934 

1*0942 

1*0949 

1*0956 

1*0^64 

14 

1*0971 

1-0078 

1*0986 

1-0993 


1-1008 

1*1015 

1*1023 

1*1030 

1*1038 

15 

1*1045 

1*1052 

HI 

1-1067 

1-1075 

1*1082 

1*1090 

1*1097 

1*1105 

1*1112 

16 

1*1120 

1-1157 


1*1142 

1*1150 

1*1157 

1*1165 

1*1172* 

1-1180 

1-1187 

17 

1*1195 

1*12QC 

1*1210 

1*1217 

1*1225 

1*1233 

1*1240 

1*1248 

1-1255 

1*1263 

18 

1*1270 

1*1278 

1*1286 

1*1293 

1*1301 

1*1309 

1*1316 

1*1324 

1*1331 

1*1339 

19 

1-1347 

1*1354 

1*1302 

1*1370 

1*1377 

1*1385 

1*1393 

1*1400 

1-1408 

1*1416 

* 20 

1-1424 

1*1431 

1*1439 

1-1447 

1*1454 

1*1462 

1*1470 

1-1478 

1-1485 

1*1493 

*21 

1*1501 

1*1509 

1*1516 

1*1524 

1*1532 

1*1540 

1*1548 

1*1555 

1*1563 

1-1571 

22 

1*1579 

1-1587 

1 *1594 

1*1602 

EBh 

1*1618 

1*1626 

1*1634 

1*1641 

1-1649 

23 

1*1657 

1*1665 

1*1673 

1-1681 

1*1689 

1*1697 

1*1705 

1*1712 

1-1720 

1*1728 

24 

1*1736 

1*1744 

1-1752 


1*1768 

1*1776 

1*1784 

«**1792 

1-1800 ; 

| 

1*1808 

25 

1*1816 

1 *182*4 

1*1832 

1*1840 

1*1848 

1*1856 

1*1864 

1 *1872 

1*1 8S0 

1*188$ 

aw 

1*1896 

1*1904 

1*1912 

1*1920 

1*1928 

1*1936 

vim 

1 *1952 

1*1960 

1*1968 

27 

1*976 

1*1984 

1*1992 

Bmm 


1*2016 

1*2025 

1*2033 

1*2041 

1*2049 

28 

1*2057 

1*2065 

1-2073 

1*2081 

1*2089 

1*2098 

1*2106 

1*2114 

1*2122 

1*2130 

29 

1*2138 

1*2146 

1-2155* 

l'ijl 63 

1-2171 

1*2179 

^$187 

1*2196 

1*2204 

1*2212 

30 

1* 222<f 

1*2228 

1-2237 

1*2245 

1*2253 

1*2261 

l*2270i 

1*2278 

1*2286 

1*2294 

31 

1*2302 

1*2311 

1*2319 

1*2327 

1-2335 

1*2844 

1*2352 

1*2360 

1*2368 

1*2377 

32 

1*2385 

1*2393 

1*2402 

1*2410 

1*2418 

1*2426 

1*2435 

1*2448 

1*2451 

1*2460 

33 

1*2468 

1*2476 

1*248$ 

1*2493 

1*2501 

1*2510 

1*2518 

1*2526 

1*2535 

1*2543 

34 

1*2552 

1*2560 

1*2568 

1-2577 

1*2585 

1*2594 

1*2602 

1*2610 

1*2619 

1*2627 

35. 

1*2636 

1*2644 

f-2653 

1*2661 

1-2670 

1*2678 

1*2686 

1*2695 , 

> 1*2703 

1*2712 

36 

1*2720 

1*2729 

1-2737 

1-2746 

1-2754 

1*2763 

1*2771 

1*2780 

1-2788 

1*2797 

37 

1*2806 

1*2814 

1*2823 

1*2831 

1-2840 

1*2848 

1*2857 

1*286(5 

1*2874 

1 *2883* 

38 

1-2831 

1*2900 

1*290$ 

1*2917 

1*2926 

1*2935 

1*2948 

1*2952 

1*2961 

1*2969 

39 # 

1*2978 

1*2987 

1*2995 

1*3004 

1-3013 

1*3022 

1*3030 

1*8039 

1*3048 
jt — J 

^*3057 
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APPENDIX 


Spec. Grav. of Pure Sulphuric Acid-water Mixtures, etc .—Continued, 


V 

*3 

•o 

•l 

•2 | 

~T-pr 

-1 " ' , 

*6 

*7 J 

r 

#»1 

♦9 

® .3 

° s 


Density of Sulphuric At 

f 

•id at -i-lfj 

(j. cum pared with 

Water at 

-I 


II 

1 

for percentages 

given in units in the vertical column at the nhJ<s 
r horizontal line alwvo. 

ami m dec 

mal parts m tim 

#> 

40 

1*3065 

1*3074 

1*3083 j 

t 

1 -3092 

1*3101 

1*3109 

1*8118 , 

1*3127 

1*3180 

1*0145 

41 

1*3153 

1*3162 

1*3171 I 

1*3180 

*1-3189 

1*3198 

'1*3207 

1*8215 ^ 

1 *8221 

.-4-3233 

42 

1*3242 

1-3251 

1*3260 I 

1*3269 

1-3278 

1*3287 

1;8290 . 

i wm 

1*2314 

1-3353 

43 

1*3332 

1*3341 

1*3350 

1-3359 

1-3368 

1*8377 

1-3386 

1 *8895 

1-3404 | 

1*3418 

44 

1*3423 

1*3432 

1 *3441 

1*3450 

1*3459 

1*3468 

1*347S 

1*3187 

1-3496 

1*3505 

45 

1-3514 

1*3524 

1 *3ooo 

1-3542 

1-3551 

1*8561 

1*3570 ' 

3 *5*579 

1*8589 

1*3598 

46 

1-3607 

1-3617 

1*3626 

1*3635' 

1*3645 

1 *8654 

1*8064 

1 *8073 

1-3632 i 

1*3092 

47 

1-3701 

1*3711 

1*3720 

1*3730 

1*3739 

1*8749 

1-3758 

1 *8768 

1*8777 

1-3737 

48 

1*3796 

1*3806 

1*3816 

1*3825 

1*3335 

1*88-14 

1*8854 

1*3861 

1*8878 

1 *3883 

49 

1-3893 

1*3902 

1*3912 

1*3922 

1*3931 

1*3941 

1*8951 

1*8961 

1*3970 

KS980 

50 

1*3990 

1*4000 

1-4010 

1-4019 

1*4029 

1*4089 

1-4019 ' 

1 *4059 

1 *4069 

1*4079 

51 

1-4088 

1*4098 

1*4108 

1*4118 

1*4128 

1*4188 

1-4148 

1*4158 

1*1168 

1*4178 

52 

1-4188 

1-4198 

4*4208 

1*4218 

1*4228 

1*4238 

1*4219 , 

1*4259 

1 -4231) 

1 -427D 

53 

1*4289 

1*4299 

1*4309 

1*4319 

1-4330 

1*4340 

1*4850 

1 ’-i860 

1 *4870 

1*4381 

54 

1*4391 

1-4401 

1*4411 

1*4422 

1*4432 

1*4442 

1*4453 

1-4463 

1 **7478 

1 *4484 

55 

1-4494 

1*4504 

1*4515 

1-4525 

1*4535 

1*4546 

» 

1*4556 , 

I -4567 

1 *4577 

1*4587 

56 

1*4598 

1*4608 

1*4619 

1-4629 

1*4640 

1*4650 

1-4061 

1*4671 

1 *4682 

1 *4092 

57 

1*4703 

1-4714 

1*4724 

1 *4735 

1*4745 

1-4706 

1*4767 

1*4777 

1*4783 

1-4738 

58 

1*4809 

1*4820 

1-4837 

1-4841 

1*4852 

1*1803 

1-4.873 

- 1 *4834 

!HkS95 

1*4905 

59 

1*4916 

1-4927 

1*4938 

1-4949 

1*4960 

1*4970 

1*4981 

1*4992 

1*500,0 

1-4013 

60 

1*5024 

1*5035 

1*5046 

1*5057 

1-5068 

1-507(7 

1*5090 

1*5101 

1*5112 

1*5122 

61 

1*5133 

1*5144 

1*5155 

1*5166 

1-5177 

1*5188 

1*5199 

1*5210 

1*5221 

1*5232 

62 

1*5243 

1*5254 

1*5265 

1*5276 

1-5287 

1*5298 

1*5309 

1*5821 

1*5882 

1*5343 

63 

1*5354 

1*5365 

1-5376 

1*5387 

1-5398 

1-5110 

1*5121 

1*548*2 

1*5448 

1-5454 

64 

1*5465 

1-5477 

1*5488 

1*5499 

1*5510 

1-5521 

1*5533 

1 *55<4 

1*5555 

1*5560 

65 

1*5578 

1-5589 

1-5600 

1-5612 

1-5623 

1*5634 

1*5645 

! 1*5657 

1*5668 

1-5670 

66 

1*5691 

1-5702 

1-5713 

1-5725 

1-5736 

1*5748 

1*5759 

1*5770 

1*5782 

1-5793 

67 

1*5805 

1-5816 

1-5827 

1-5839 

1 -5800 

1*5862 

1*5873 

1*5885 

1*5890 i 

1 -5008, 

68 

1*5919 

1-5931 

1-0942 

1-5954 

1-5965 

1*5977 

1*5989 

1*6000 

1*0012 

1 -6023 

69 

1*6035 

1-6046 

1-6058 

1-6070 

1-0081 

1*6093 

1*6104 

1*0110 ! 

1*0128 ; 

1-8130 

70 

1*6151 

1*6163 

r3174 

1-6186 

1-6198 

1*6209 

1 *6221 

1*6288 

1*0245 

1-6258 

71 

1*6268 

1-6280 

1-6291 

1-6308 

1-6M5 

1*6327 

1*6888 

1 ‘08*0 

1*6302 1 

1-0874 

72 

1*6385 

1-6397 

1-6409 

1-0421 

1-6433 

1*6444 

1*6458 

1*6468 

1*0480 

1-6492 

73 

1*6503 

1-6515 

1-6527 

1-6539 

1-6551 

1*8563 

1*6574 

1 ‘6586 

1*0598 

1-6610 

74 

1*6622 

1*6834 

1-6640 

1-6657 

1-6669 

1*6681 

1*6693 

1*6705 

1*671^ 

1-0728 

75 

1*6740 

1-6752 

1-6764 

>1-0778 

1-8788 

1*6799 

,vom 

1*6828 

1*6835 

1-8847 

76 

1*6858 

1-687Q. 

1-6882 

l-o894 

1-6906 

1*6917 

1*6929 

1*6941 

1*8953 

1-0905 

77 

1*6976 

1-6988 

1-7*900 

1-7012 

1-7023 

1*7035 

1*7047 

1*7058 

1**070 

,.1-7082 

- 78 

1*7093 

1-7105 

1-7117 

1-7128 

1-7140 

1*7151 

1*7163 

1*7175 

1*7188 

1-7198 

79 

1*7209 

1-7221 

1-7232 

1-7244 

1-7250 

1*7267 

1*7278 

1*7289 

1*7301 

1-7312 

80 

1*7324 

1-7835 

1-7346 

1-7857 

1-7369 

1*7380 

1*7391 

1*7402 

1*7418 

1-7424 

81 

1*7435 

1-7446 

1-7457 

1-7468 

1-7479 

1*7490 

1*7501 

1*7512 

1*7528 

1-7534 

82 

1*7544 

1>7555 

1-7566 

1-7576 

1-7587 

1*7597 

1*7608 

f*7618 

1*7628 

1 •7-039 

83 

1*7649 

1-7659 

1-7669 

1-7679 

1-7689 

1*7699 

1*7709 

1*7719 

1*7729 

1-7738 

* 84 

1*7748 

1-7758 

i 

1-7767 

* 

1-7777 

1-7786 

1*7796 

1*7805 

** 

1*7814 

1*7^28 

1-7832 
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Spec; Grav. of Pure Sulphuric ’Acid-water Mixtures, etc. — Continued. 


. *3 

S3 o 

« 

U ES 

Phi ft 

J. 

•0 

• *1 

*2 

*3 

•4 

» 

*5 

•6 

*7 

iS 

*9 

* 

Den 

for percentages 

tkfcy of Sulphuric Acid at 4-15° 0. compared with Water at +4° C. 
given in units in the vertical &>lumn at the side, anddn decimal jlarts in the 
horizontal line above. * 

m 

• 

85 

1*7841 

1-7850 

1-7859 

1-7868 

1JT876 

* 

1-7885 

1-7894 

1-7902 

1-7911 

1*7919 

86 

1-7927 

1-7935 

1-7943 

1-7951 

1-7959 

1-79651 

1*7975 

1-7983 

1-7991 

1*7998 

87 * 

1*8006 

1*8013 

1*8021 

V8028 

1*8035 

V8042 

1*8049 

1-8056 

1*8063 

1-8070 

*88 

1-8077 

1-8034 

1*8090 

1-8097 

1*8103 

1*8110 

1*8116 

1*8122 

1*8129 

1*8135 

89* 

1*8141 

1-8117 

1*8153 

*1*8158 

1*8164 

1*8170 

1-8176 

1*8181 

1-8187 

1*8192 

90 

1*8198 

1*8203 

1-S208 

1*8213 

1*8219 

1*8224 

1*8229 

1*8234 

1*8239 

1*8244 

91 

1*8248 

1*825% 

1*8258 

1*8262 

1-8267 

1-8271 

1-8276 

1*8280 

1*8284 

1*8289 

92 

1-S293 

1-8297 

1*8301 

1*8305 

1*8309 

1*8313 

1-8317 

1*8320 

1*8324 

1*8328 

98 

1*8331 

1*8335 

1*8338 

1*8341 

1*8345 

1-&48 

1*8351 

1*8354 

1*8357 

1*8360 

91 

1*3363 

1-8866 

1*8369 

1-8371 

1*8374 

1*8376 

1*8379 

1*8381 

1*8384 

1*8386 

• 

95 

1*8388 

1*8390 

1*8392 

1*8394 

1*8396 

1*8398 

1*8400 

1*8401 

1*8403 

1*8404 

96 

1*8406 ! 

1*8407 

1*8408 

1*8409 

1*8410 

1*8411 

1*8412 

1-8413 

1*8414 

1*8414 

97 

1*8414 

1*8415 

1*8415 

1*8415 

1*8415 

1*8415 

1*8414 

1-8414 

1*8413 

1*8412 

98 

1*8411 

1*8410 

1*8409 

1*8408 

1*8406 

1*8405 

1*8403 

1-8401 

1*8398 

1*8396 

* 99 

1*8393 

1*8391 

1*8388 

1*8385 

1*8381 

1*8378 

(1*8374) 

(1-8370) 

(1*8366) 

(1*8362) 

100 

(1*8357) 

... • 






... 




(The bracketed values from 99*6 to 100 per cent, are extrapolated.) 


TABLJ2 XXVI. (Text, p. 350.) 

Specific Gravity of Sulphuric Acid Solutions. 
Lunge, Isler, and Naef. 


Hp. (Jr. 
at 

4 s 

(hi vacuo ) 

Degrees 

Baume. 

Degrees 

Twaddell. 

100 parts by weight of chemically 
pure Acid contain per cent. 

1 Litre of chemically pure Acid 
contains kilograms of 

so 3 . 

UyS0 4 . 

Acid 

of 

142° Tw. 

Acid 

of 

106° Tw. 

SO ; , 

m 

H2SO4. 

Acid 

of 

142° Tw. 

Acid 

of 

100° Tw. 

*1*000 

o 

— % 

0 

0-07 

0*09 

0*12 

0*14 

0*001 

0*001 

o-ooi 

0*001 

1*005 

0*7 

1 

0-77 

0*95 

1*21 

1*52 

0*008 

0*009 

0-013 

0*015 

1*010 * 

1*4 

2 

1*28 

1*57 

2*01 

2-51 

0*013 

0*016 

0*020 

0*025 # 

1*015 

2*1 

3 

1*83 

2*30 

2*95 

3*68 

0*019 

0-023 

0*030 

0*037 

1*020 

2*7 

4 

J*47» 

3*03 

3*88 

4*3$ 

0*025 

0*031 

0*040 

0-050 

1*025 


5 

3-07 

3-76 

4*82 

6*02 

0*032 < 

* 0*039 

0*049 

0*062 

1*09$ 

4*1 

6 

3-67 

4*49 

5-78 

7-18 

o*bss 

0*046 

0*059 

0-074 

1*035 

4*7 

7 ! 

4*27 

5*23 

6*73 

8*37 

0*044 

0*054 

0*070 

0*087 

1*040 

5*4 

8 

% 4*87 

5*96 

7*64 

9*54 

0*051 

0*062 

0*079 

0*099 

1*045 

6*0 

9 

5*45 

6*67 

8*55 

10*67 

0*057 

0*071 

0*089 

0*112 

1*050 

6*7 

10 

6*02 

7*37 

9*44 

11*79 

0*063 

0*077 

0*099 

0*124 

1 *055 

7*4 

11 

6*59 

8*07 

10*34 

12*91 

0*070 

0*085 

0*109 

0*136 

1*060 

8'0 

12 

7*16 

8*77 

11*24 

14*03 

0*076 

0*0©3 

0*119 

0*149 

1*065 

8*7 

13 

7*73 

9*47 

12*14 

15*15 

0*082 

0*102 

0*129 

0*161 

1*070 

• 9*4 

14 

# 8*32 

10*19 

13*05 

16*3P 

0*089 

0*109 

0*140 

0*174 

1*075 

• 

10*0 

15 

8*90 

10*90 

13*96 

• 

17*44 

0*096 

0*117 

0*150 

• 

• 

0*188 
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APPENDIX 


Specific Gravity of Sulphuric Acid Solutions- 


-Continued* * 


Sp. Gr. 

- 


— ----- | 

100 parts by weight of chemically 
pure Acid contain per cent. 

l I,itr? 

f 

*> 

of chemically pure 
mtams kilogram# of 

at 

Decrees 

Degrees 

- 

r 





Add 

15 ° 

Baume. 

TwaVjklell. 



Add 

Acid 



4 ° 

(in vacuo). 

** 


SO;,. 

HjgO * 

of 

142° Tw. 

- . 

of 

106 Tw, 

s < i . j . 

u . mj . 

of 

142* TV, 

1*080 

10*6 

16 

9*47 

11-60 

14*87 

18*50 

0*103 

0*125 i 

0*101 , 

1*085 

11*2 

17 

10*04 

12 - 30 > 

15-76 

19 - 08 * 

0*109 

0133 | 

0*171 j - 

1*090 

11*9 

18 

10-60 

12-99 

16*65 

20*78 . 

0116 

Oil 49 

0181 j 

1*095 

12*4 

19 

11*16 

13-67 

17-52 

21*87 

0*122 

0150 

0-192 1 

1*100 

13*0 

20 

11-71 

14-35 

18*39 

22*96 

0129 

0 158 

0*202 ; 

1*105 

13*6 

21 

12-27 

15-03 

19-26 

24*05 

0-136 

0166 

0-212 \ 

1*110 

14*2 

22 

12-82 

15*71 

20-13 

25*14 

0*143 

. 0-175 

0*223 

1*115 

14*9 

23 

13*36 

16 *,36 

20*96 

26*18 

0-149 

0183 

0-234 

1*120 

15*4 

24 

13*89 

17*01 

21*80 

27*22 

0*156 

0-191 

0 * 2*5 

1*125 

16*0 

25 

14-42 

17*66 

22*63 

28*26 

0-102 

0-199 

0-255 

1*130 

16*5 

26 

14-95 

18-31 

23-47 

29*30 

0189 

0-207 

0-265 

1*135 

17*1 

27 

15-48 

18*96 

24-29 

30*34 

0176 

0*215 

0‘276 

1*140 

17-7 

28 

16*01 

19*61 

25-13 

31*38 

0*183 

0-228 

0 - 2M7 

1*145 

18*3 

29 

16*54 

20*28 

25*96 

32*42 

0189 

0*231 

0-297 

1*150 

18*8 

30 

17-07 

20*91 

26-79 

33*46 

0-196 

0-289 

O - S08 

1*155 

19*3 

31 

17*59 

21-55 

27-61 

34*48 

0*203 

0-243 

0-919 

1*160 

19*8 

32 

18*11 

22*19 

28*43 

35*50 

0-210 

0*257 

0*230 

1*165 

20*3 

33 

18*64 

22*83 

29-25 

30*53 

0*217 

" 0*200 

0*341 

1-170 

20*9 

34 

19-16 

23-47 

30-07 

37-55 

0-224 

0*275 

0*352 

1-175 

21*4 

35 

19*69 

24*12 

30*90 

38-59 

0-231 

0*288 

0*863 

1*180 

22-0 

36 

20*21 

24-76 

31 -73 

39*02 

0-238 

0*292 

0-374 

1*185 

22*5 

37 

20*73 

25*40 

32*55 

40*64 

0 - 246 . 

0*301 

«* 88ti 

1*190 

23*0 

38 

21*26 

26*04 

33-37 

41-66 

0*253 

0*310 

0 - 3»2 

1*105 

23*5 

39 

21-78 

26*68 

31-19 

42*69 

0*260 

0*319 

0-409 

1*200 

24*0 

40 

22*30 

27-32 

35*01 

43-71 

0*268 

0*328 

0*420 

1*205 

24*5 

41 

22*82 

27*95 

35*83 

44*72 

0*275 

0*337 

0*432 

1*210 

25*0 

42 

* 23*33 

28*58 

36*86 

45*73 

0-282 

! 0*340 

0-444 

1*215 

25*5 

*43 

23*84 

29*21 

37*45 

46*74 

0*290 

0 * 3#5 

0M55 

1*220 

26*0 

44 

24*36 

29'84 

38*23 

47*74 

0-297 

0*364 

0*406 

1-225 

26*4 

45 

24*88 

30*48 

39*05 

48*77 

0*305 

0 373 

0*478 

1*230 

26*9 

; 46 

25*39 

81*11 

39*86 

49*78 

0*312 

0*882 

0*490 

1*235 

27*4 

47 

25*8 8 

31*70 

40*61 

50*72 

0*320 

0*391 i 

0*502 

1*240 

27*9 

48 

26*35 

32*28 ! 

41*37 

51*65 ! 

0 ’327 

0*400 : 

0*518 

1*245 

28*4 

49 

26*83 

32*80 

42*11 

52*58 i 

0-334 

0*409 

0*524 

1*250 

28*8 

50 

27*29 

33*43 

42*84 

53*49 1 

0*341 

0*418 

0*685 

1*255 

29*3 1 

51 

27*76 

34*00 

43*57 

54-40 

0*348 

0-420 

0*547 

1*260 

29*7 

52 

<•# 8*22 

34*57 

44*30 

55*31 

0*350 

0*435 

0*558 

1*265 • 

30*2 

53 

28*69 

35*14 

4fc*03 

50-22 

0-303 

0*444 

0*570 

1*270 

30*6 

54 

29*15 

35*71 

45*70 

57-14 

0*370 

0*454 

0*582 

1*275 

31*1 

55 

29*62 

36*29 

40-50 

58*06 

0*377 

0-402 

0*598 

1*280 

31*5 

56 

30*10 

36*87 

47*24 

58*99 

0*385 

0*472 

0*005 « 

" 1*285 

32*0 

57 

30*57 

87*45 

47*99 

59*92 

0*393 

0-481 

0*617 

1*290 

32*4 

58 

31*04 

38*03 

48*73 

60 * 85 . 

0M00 

0*490 

0*629 

1*295 

82*8 

59 n 

31*52 ' 

£ 8*61 

49*47 

61-78 

0*408 

0*500 

0 -| 4l 

1*300 

33*3 

60 

36*99 

39*19 

50*21 

62-70 

0*416 

0-510 

0%3 

1*305 

33*7 

61 

32*46 

89*77 

50*90 

68-63 

0*424 

0-519 

0-005 

1*310 

34*2 

62 

32*94 

40*35 

51*71 

64-56 

0*482 

0*529 

0*677 

1*315 

84*6 

63 

83*41 

40-98 

52*45 

65-45 

0-439 

0*588 

0*689 

1*320 

35*0 

84 

33*88 

41*50 

53-18 

66*40 

0*447 

0*548 

0*702 

1*325 

35*4 

65 

84*35 

42-08 

58*92 

67*83 

0*455 

0*557 

0*714 

1*330 

35*8 

.66 

34*80 

42*66 

54*67 

68-26 

0*462 

15*567 

0-727 

1*335 

36*2 

" 67 

35*27 

43*20 

55*36 

6912 

0*471 

0*677 

0*789 

V340 

i 

36*6 

68 

35*71 

43*74 

56*05 

69*98 

0*479 

#> 

0-586 

o * 7*y 


Add 

of 

If Tw , 


0*201 


0*2‘JV 

#240 

0 * 25 ;$ 

o * 2or . 

0*270 
0*202 
0*300 
0*318 
0*331 
0-844 
0*358 
0*371 
0 * 385 . 
0*393 
0*412 
0*420 
0*489 
0*458 
0*407 
0*481 
0*490 
0*511 
0*525 
0*539 
0*553 
0*508 
0*583 
0*598 
0*612 
0*626 
0*640 
0*655 
0*660 
0*683 
0*697 
0 * 7 11 
0*725 
0 * 74C 
0*755 
0*770 
0*785 
0*800 
$*815 
0*880 
0*845 
0*860 
0*876 
0*802 
0*908 
0*928 
0*988 
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'Specific Gravity of Sulphuric Acid Solutions — Continued . 


• ftp. Or . 
at 

1 f >“ 

”4 

{hi vacuo ), 

» 

Degrees 

Baume. 

"i 

\ 

Degrees 

Twaddell. 

* 

100 parts by weight of chemically 
pure Acid contain per cent. 

% 1 

1 Litre of chemically pure Acid 
contains kilograms of j 

SO a . 

H0SO4 . 

« 

Acid 

of 

142° Tw. 

A 

Acid 

of 

1Q£° Tw. 

S0 3 . 

* 

-9 

H 2 S0 4 . 

Acid 

1 of 

142° Tw. 

Acid 

of 

106 s Tw. 

1*345 

37-0 

69 

36*14 

44*28 

f 

56*74 

70*85 

0*486 

0-596 

0-763 

0*953 

i - 35 < r - 

37*4 

70 

36-58 • 

‘ 44*82 

57 - 43 « 

» 71*71 

0*494 

0*605 

0-775 

0*968 

1 * 3$5 

37*8 

*1 

37-02 

£ 5*35 

58*11 

72-56 

0*502 

0*614 

0-787 

0-983 

1*360 

38*2 

72 

37-45 

45*88 

58-79 

73-41 

0*509 

0*624 

0*800 

0*998 

1*365 

38*6 

73 

37-89 

46*41 

59*48 

74-26 

0*517 

0*633 

0*812 

1*014 

1*370 

39*0 

74 

38*32 

46*94 

60*15 

75-10 

0*525 

0*643 

0*824 

1*029 

1 1*375 

39-4 

75 > 

38*75 

47-47 

60*83 

75-95 

0*533 

0-653 

0*836 

1*044 

1*380 

39*8 

76 

39*18 

48*00 

61*51 

• 76-80 

0*541 

0*662 

0*849 

1*060 

1*385 

40*1 

77 

39*62 

48*53 

62-19 

77-65 

0*549 

0-672 

0*861 

1-075 

1*390 

40*5 

78 

40 ‘05 

49-06 

62-87 

78-50 

0-557 

0*682 

0-873 

1*091 

1-395 

40*8 

79 

40*48 

49*59 

63*55 

79-34 

0*564 

0-692 

0*886 

1-107 

1*400 

41*2 

80 

40*91 

50-11 

64*21 

80*18 

0-573 

0-702 

0*899 

1*123 

1*405 

41*6 

81 

41-33 

50-63 

64*88 

81*01 

0*581 

0-711 

0*912 

1*138 

1*410 

42*0 

82 

41-76 

51*15 

65*55 

81-86 

0*589 

0*721 

0*924 

1*154 

. 1*415 

? 2*3 

83 

42-17 

51*66 

66-21 

82*66 

0-597 

0*730 

0*937 

1-170 

1*420 

42-7 

84 

42-57 

5215 

66-82 

83*44 

0*604 

0-740 

0*949 

1*185 

1*425 

4^1 

85 

42-96 

52-63 

67-44 

84-21 

0*612 

0-750 

0*961 

1*200 

1-430 

43*4 

86 * 

43-36 

53*11 

68-06 

84-98 

0*620 

0-759 

0*973 

1*215 

1*435 

43*8 

87 

43-75 

53-59 

68*68 

85-74 

0*628 

0-769 

0*986 

1*230 

1*440 

44*1 i 

88 

44-14 

54-07 

69*29 

86*51 

0*636 

0-779 

0*998 

1-246 

1*445 

44*4 

89 

44-53 

54-55 

69-90 

87*28 

0*643 

0-789 

1*010 

1*261 

1-450 

44^5 

90 * 

44*92 

55*03 

70-52 

88*05 

0*651 

0*798 

1*023 

1-277 

1*455 

♦ 45*1 

91 

45*31 

55-50 

71-12 

88*80 

0*659 

0*808 

1*035 

1-292 

1*460 

45*4 

92 

45*69 

55-97 

71-72 

89*55 

0-667 

0-817 

1-047 

1*307 

1*465 

45*8 

93 

46*07 

56-43 

72-31 

90*29 

0-675 

0-827 

1-059 

1*323 

1*470 

46*1 

94 

46*45 

56-90 

72-91 

91*04 

0*683 

0-837 

1-072 

1*338 

1*475 

46*4 

, 95 

46*83 

57-37 

73-51 

91*79 

0-692 

0*846 

1*084 

1-354 

1*480 

46*8 

96 

47*21 

57*83 

74-10 

92*53 

0-699 

0*&56 

1*097 

1-370 

1*485 

47*1 

•97 

47*57 

58*28 

74-68 

93*25 

0-707 

0*865 

1*109 

1-385 

1*490 

47*4 

98 

47*95 

58-74 

75-27 

93*98 

0-715 

0*876 

1*122 

1-400 

1*495 

47*8 

99 

48*34 

59*22 

75-88 

94*75 

0-723 

0*885 

1*134 

1-417 

1*500 

48*1 

100 

48*73 

59*70 

76-50 

95*52 

0-731 

0*896 

1*147 

1-433 

. 1*505 

48*4 

101 

49*12 

6018 

77-12 

96*29 

0-739 

0*906 

1*160 

1-449 

1*510 

48*7 

102 

49*51 

60-65 

77-72 

97*04 

0-748 

0*916 

1*174 

1-465 

1*515 

49*0 

103 

49*89 

61*12 

78-32 

97*79 

0-756 

0*926 

1*187 

1-481 

1*520 

49*4 

104 

50*28 

61*59 

78-93 

98*54 

0-764 

0*936 

1*199 

1-498 

1*525 

49*7 

105 

50*66 

62*06 

79-52 

99*30 

0 - 7 S 8 

0*946 

1*213 

1-514 

1*530 

50*0 

%06 

51*04 

62-53 

8*-13 

100*05 

0-781 

0*957 

1*226 ’ 

1-531 

1*535 

50*3 

107 

51*43 

63*00 

80-73 

100*80 

0-789 

0*967 

1*239 

1-547 

1*540 

50*6 

108 

51*78 

63*43 

81-28 

101*49 

0-797 

0*977 

1*252 

1-563 

1*545 1 

‘ 50*9 

109 

52*12 

63*85 

81-81 

102*16 

0-805 

0*987 

1*264 

1-579 

1*550 

51*2 

110 

52*46 

64*26 

82-34 

102*82 

0-813 

0*996 

1*276 

1-593 > 

1*555 

51*5 

111 

5 ‘>79 , 

64*67 

82-87 

103*47 

0-821 

1*006 

1*289 

1-609 

1*560 

51*8 

112 

53*22 

65*20 

83-50 

104*30 

0-830 

* 1*017 

1*303 

1-627 

1 * 565 * 

52*1 

113 

53*59 

65*65 

84-08 

105*03 

0-339 

1*027 

1*316 

1-644 

1*570 

52*4 

114 

53*95 

66*09 

84-64 

105*73 

0-847 

1*038 

1*329 

1-660 

1*575 

52*7 

115 

54*32 

66*53 

85-21 

106*42 

0-856 

1*048 

1*343 

1-677 

1*580 

53*0 

116 

5 * 4*65 

66-95 

85-78 

107*10 

0-864 

1*058 

1*356 

1-692 

1*585 

53*3 

117 

55*03 

67*40 

86-34 

107*85 

0-872 

1*068 

1*369 

1-709 

1*590 

53*6 

118 . 

55*37 

67*83 

86-88 

108*52 

0-880 

1*078 

1*382 

1-726 

1*505 

53*9 

119 

55*73 

68*26 

87-44 

109*21 

0-889 

1*089 

1*395 

1-742 

1*600 

54*1 

120 

56*09 

68*70 

88-00 

109*92 

0-897 

1*099 

1*409 

1-759 

1*605 

54*4 

121 

£ 6*44 

69*13 

88-55 

110*61 

* 

0-906 

1*110 

1*422 

l - 77 £ 
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appendix 


Specific Gravity of Sulphuric Acid Solutions- 


- Continued * 


8p. Or. 
at 

15° 

{%% vacuo). 

i 

Degrees 
Baume. 1 

p* 

10C 

Degrees * " 
waidell. 

SO 

♦ 

1*610 

54*7 

122 56* 

1*615 

55*0 

123 57- 

1*620 

55*2 

124 57- 

1-625 

55-5 

125 57 

1-630 

55*8 

126 58 

1*635 

56-0 

127 58 

1-640 

50*3 

128 58 

1-645 

56*6 

129 59 

1-650 

50*9 

130 59 

1*655 

57*1 

131 59 

1-660 

57*4 

132 GO 

1*665 

57-7 

133 60 

1-670 

57*9 

134 60 

1-675 

58*2 

135 61 

1-680 

5 S *4 

136 61 

1-685 

58*7 

137 01 

1-690 

58-9 

138 62 

1-695 

59*2 

139 0* 

1-700 

59*5 

140 e ; 

1-705 

59-7 

141 61 

- 1*710 

60*0 

142 6! 

1-715 

60*2 

143 6< 

1-720 

60*4 

144 6 

1*725 

60*6 

145 6< 

1*730 

60*9 

146 6; 

1*735 

61*1 

147 6 

1*740 

61*4 

148 1 6 

1*745 

61*6 

,149 6 

1-750 

61*8 

150 6 

1*755 

62*1 

151 S 

1*760 

62*3 

152 6 

1*765 

6*2*5 

153 « 

1*770 

62*8 

154 t 

1*775 

63*0 

155 1 

1*780 

63*2 

158 < 

1*785 

63-5 

157 < 

1*790 

63*7 

158 M 

1*795 

* 64*0 

159 

1*800 

64*2 

160 

1*805 

64*4 

161 

1*810 

64*6 

162 

- 1*815 

64*8 

163 

1*820 

65*0 

164 

1*821 

... 


- 1*822 

65*1 


1*823 

* ,,, 

... 

1*824 

65*2 

... 

1*825 


165 

1-821 

> 65*3 

... 

1*827 

f ... 

... 

1-82* 

5 65*4 

0 * *•* 

1*821 

) 


V 83< 

) 

j 166 


pure Add contain I »« 




I Ut , 


ItB' 

/ 


* I * 

i»f clii'ininiily jMirit Act i „ 
.iitaliis kili«ruii» at . ' 


I Aoiii 
of 

AcM 

of 

K < >> 

UU Tw , 3 

100 Tw . 

L . rrii 


II . jSOj . 


•29 


72-08 

72- 98 
78-51, 

73- 63 
*3'80 
78-96 

74- 12 
74-29 
74-49 
74-69 

74- 86 

75- 03 
75-19 


69*56 I 
70-0# - 

70- 42 ] 
70"S5 ! 

71- 27 , 

71- 70 , 

72- 12 ! 
72*55 ; 

72- 90 . 

73- 40 

73- 31 ! 

74- 21 

74- 66 

75- 08 
75-50 

75- 94 

76- 33 
70-76 

77- 17 
77 "00 

78- 01 
78-48 

78- 92 

79- 36 

79- 80 

80- 24 
80-68 

81- 12 

81- 56 

82- 00 

82- 44 

83- 01 

83- 51 

84- 02 

84- 50 

85- 10 

85- 70 

86- 30 

86- 92 

87- 60 

88- 30 

89- 16 

90- 05 
<90-20 
90-40 
90-60 

90- 80 

91- 00 
91-25 
91-50 
91-70 

91- 90 

92- 10 


89-10 ; 

89- 66 

90 - 20 ' 

90- 71 

91- 29 | 


AcM 

of 

US' Tw. 


Ai*M 

f if 


95-08 > 


j 103*38 
1 103*05 3 
104*52 
j 105*08 
105*64 
106*31 
106*91 
107*62 
108*27 
109*05 
109*82 
1*0*58 
111*32 
112*25 
113*15 
114*21 
115*33 
115*59 
115*84 
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•Specific Gravity of Sulphuric Acid Solutions — Continued . 
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Table showing the Influence of Temperature on the Splcific 

• Gravity of Sulphuric Acid. 

• . ... . , 

i*. Specific gravity a| 1 5 /4 ? umler /^changes m specific gravity at the 
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p TABLE XXIX. i'fVst, h r*s.) 

Melting Points of S*iiphu|ic Acid. Kmelsch, 

Enlarged by Lunge by the addition of the corresponding percentage »»f f! ; Su i( J 
The sue It mg poiuVs given in the table ate the Imnpm^ure^whUh remain* * nnxtairt 
’during the. peth^ of complete trjXtaUisalum * t that h , from the temperature at 
which crystals begin to np|Httr in the cooled acid until the stage when the m ms 
1 >ermnes solid after removal fr*m the freezing mixture, ^ m 
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• 

+ 26*0 

11 

13*47 

- 7*2 

68 

83*39 

4- 8*0 

89* 


+ 34*2 

12 1 

14*70 

- 7*9 

69 

84*52 

+ 7*0 

90 


+ 34*2 

13 

15*92 

- 8*2 

70 

85*75 

+ 4*0 

91 

. f , 

+ 25*8 

14 

17*15 

- 9*0 

71 

86*97 

- 1*0 

92 


+ 14*2 

15 

18*87 

~ 9*3 

72 

88*20 

- 7*2 

•93 


+ 0*8 

16 

19*60 

- 9*8 

73 

89*42 

-16*2 

94 

,, , 

t + 4*5 

17 

20*82 

- 11*4 

74 

90*65 

-25*0 

95 


+ 14*8 

ft 

22*05 

-13*2 

75 

91*87 

-••34*0 

96 


+ 20*3 

19 

23*27 

-15*2* 

76* 

93*10 

- 32*0 

97 


+ 29*2 

20 

24*50 

-#•1 

77* 

94*83 

-28*2 

98 


+ 83*8 

21 

25*72 

„ -22*5 

78* 

95*05 

•16*5 

99 


+ 36*0 

22 

26*95 

-31*0 

79 

96*77 

- 5*2 

100 - 


+ 40*0 


* So-called 1Q0' Tw. 


TABLE XXX. {Text, p. 358.) 

BoUjng Points of Sulphuric Acid. 


!| 

o tL 

bS 

f§ 

»s 

S.aS 

If 

nst 

Boiling 

Point. 

°G. 

+5 . 

Jxt 

Ph 1 - 

Specific 

Gravity. 

fi s 

•is 

P?P 

iso . 
o « . 
j~.~o 

la 

8% 

£» 

Specific 

Gravity. 

f? a> 

p 

Iff 

3*' 

5 

1*031 

4*2 

r.101 

r*» r% 

56 

1*459 

45*4 

133 

82 

1*768 

r02*2 

218*5 

10 

1*069 

9*2 

102- 

60 

1*503 

48*3 

141*5 

84 

1*773 

63*0 

‘227 

15 

1*107 

13*9 

103*5 

62*5 

1*530 

50*0 

147 

86 

1*791 

63*8 

288 *r. 

20 

1*147 

18*5 

105 

65 

1*557 

51*6 

153*5* 

88 

1*807 

04*4 

251*5 

25 

1*184 

22*4 

106*5 

67*5 

1*585 

53*3 ! 

161 

90 

1*813 

65*0 

262*5 

30 

1*224 

26*4 

108 

70 

1*615 

55*0 1 

170 

91 

1*824 

65*3 

268 

35 

1*265 

30*2 

110 

72 

1*639 

56*3 

174*5 

92. 

1*830 

65*45 

274*5 L 

40 

1*307 

33*9 

114 

74 

1*661 

57*4 

180*5 

93 

1*834 

65*65 

28l *5 

45 

1*352 

37*6 

118*5 

76 

1*688 

58*8 

189 

94 

1*837 

65*8 

288*5 

JH) 

"1*399 

41*1 

124 

78 

1*710 

60*0 

199 J 

95 

1*840 : 

65*9 

295 

53 

1*428 

43*3 

f28*5 1 

80 

1*733 ! 

61*0 

207 


! 
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* 

TABLE XXXI. (Text, p. 386.) 

Specific Gravity of Fuming Sulphuric Acid at 35 ° C. 

Knietsch. 


Total HO;j 
per pput. 

Free BO ;J 
per cent. 

Specific 

Gravity. 

Total S0 3 
per cent. 

Free SO3 
per cent. 

Specific 

Gravity. 

81*63 

0 

1*8186 

91-18 

52 

1-9749 

81*99 

2 

1-8270 

91*55 

54 

1*9760 

82*36 • 

4 

1-8360 

91*91 

56 

1*9772 

# 82*73 

6 

1*8425 

92*28 

58 

1*9754 

83*09 • 

8 

1-8498 

92*65 

60 

1*9738 

83*46 

10* 

1*8565 

93*02 

62 

1*9709 

83*82 

12 

1-8627 

93*38 

64 

1*9672 

84*20 

14 

1*8692 

93-75 

66 

1*9636 

84*56 

16 

1-8756 

94*11 

68 

1*9600 

84*92 • 

18 • 

1*8830 

94-48 

70 

1*9564 

85*30 

20 

1*8919 

94*85 

72 

1*9502 

85*66* 

22 

1*9020 

95*21 

74 

1*9442 , 

86*03 

24 

1*9092 

95*58 

76 

1*9379 

86*40 

26 

1*9158 

95*95 

* 78 

1*9315 

86*76 

28 

1*9220 

96*32 

* 80 

1*9251 

87*14 

* 30 

1*9280 

96*69 

82 m 

1*9183 

87*50 . 

432 

1*9338 

97*05 

84 

1*9115 

87*87 

34 

1*9405 

97*42 

86 

1*9046 

88*24 

36 

1*9474 

97*78 

88 

1*8980 

88*60 

38 

1*9534 

98*16 

90 

1*8888 

88*97 

40 

1*9584 

98*53 

92 

1*8800 

% 89*33 

42 

1*9612 

98*90 

94 

1*8712 

89*70 

44, 

1*9643 

99*26 

96 

1*8605 

90*07 

46 

1*9672 

99*63 

98 

1 *84-88 

90*44 

48 

1*9702 

100*00 

# 100 

1-8370 

90*81 

^>0 

1*9733 

* 
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TABLE XXXII. i .(Text ) p. 394.) 

Table for finding the Percentage of Free SO a in Oleum from the 
Total SO :i as determined by Analysis. Knietsch. , ’ 
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TABLE XXXIII. (5 ’'ext, p. 395.) 

w 

T&ble for finding the Percentage of*SO s in Oleum from the 
Total Acidity, calculated as HjS 0 4 . Griinhut. 


#. 

"Whole numbers. *1 

# 

• 

# • ^ Hundredth Parts. 


10 

11 

12 

O 

1 

2 

8 

4 

5 

6 

7 

8 

9 

0 

4*443 

8*88« 

13*329 

17*771 

22*214 

20*657 

31*100 

35*543 

89*986 

44-428 

48-871 

53-314 

57-757 

62-200 

66-643 

71-085 

75-528 

79-971 

84-414 

88-857 

93-300 

97-743 

0 

1 

2 

8 

4 

5 

6 

7 

8 

0 

0*444 

0*889 

1*333 

1*777 

2*221 

2*666 

3*110 

3*554 

3*999 

0*044 

0*489 

0*933 

1*377 

1*822 

2*266 

2*710 

3*154 

3*599 

4*043 

0*089 

0*533 

0*977 

1*422 

1*866 

2*310 

2*755 

3*199 

3*643 

4*087 

0*133 

0*578 

1*022 

1*466 

1*910 

2*355 

2*799 

3*243 

3*688 

4*132 

0*178 

0*622 

1*066 

1*511 

1*955 

2*399 

2*843 

3*288 

3*732 

4*176 

0*222 

0*666 

1*111 

1*555 

1*999 

2*444 

2*888 

3*332 

3*776 

4*221 

0*267 

0*711 

1*155 

1*599 

2*044 

2*488 

2*932 

3*377 

3*821 

4*265 

0*311 

0*755 

1*200 

1*644 

2*088 

2*532 

2*977 

3*421 

3*865 

4*310 

0*355 

0*800 

1*244 

1*688 

2*133 

2*577 

3*021 

3*465 

3*909 

4*354 

0*400 

0*844 

1*288 

1*733 

2*177 

2*621 

3*066 

3*510 

3*954 

4*398 


TABLE XXXIV. {Text, p. 3t7.) 

* <» 

Specifii Gravity of Solutions of Sodium Chloride. 


Specific Gravity. 

• 

Percentage 

Nad. 

Specific Gravity. 

Percentage 

NaCl. 

Specific Gravity. 

Percentage 

Nad. 

1*00725 
1*01450 
1*02174 
1*02899 
# 1*03624 

1*04366 
1*0«08 
1*05851 
1*06593 

t 


1-07335 
1-08097 
1-08859 
1-09622 ’ 

1-10384 
1-11146 
1-11938 
1-12730 
, 1-13523 . 

10 

11 

12 

13 

14 

15 

16 

17 

1% 

1-14315 
1-15107 
» 1-15931 
1-16755 
1-17580 
1-18404 
1-19228 
1-20098 
1-20433 

i 

% 

19 

20 

21 

e h 

23 

24 
■ 25 
> 26 

26*395 
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TABLE XXXV. (?nt, p. 412.) 

. - * f\f" Hvdrochloric Acid Solutions At t5 com 

SPK C pS?a with WaSat 4', and reduced*, vacuum. 

* Lunge and Marchlewski. ^ 


Degrees 

Tw&adell* 


0 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 
37, 
88 

39 

40 


HpocUic 
Gravity at 
lft* 

4** 

(in vacuo). 


100 1»ru by weigbtWrajpond v> 




HC1. 


1-000 
1-005 
1-010 
1-015 
1-020 
1-025 
1-030 
1-035 
1-040 
1-045 
1-050 
1-055 
1-060 
1-065 
1-070 
1-075 
1-080 
1-085 
1*090 • 

1-095 
1-100 
1-105 
1-110 
1-116 
1-120 
1-125 
1-130 
1-135 
1-140 
1-145 
1-150 
1-155 
1-160 
1-165 
1-170 
1-175 

l-iscr 

1-185 

1-190 

1-195 

1-200 


0-16 * 

1 - 15 

2 - 14 

3 - 12 ■ 

4 - 13 

5 - 15 

6 - 15 

7 - 15 

8 - 16 
9-16 

10 - 17 

11 - 18 

12 - 19 

13 - 19 

14 - 17 

15 - 16 

16 - 15 
, 17-13 

18-11 

19 - 06 

20 - 01 

20 - 97 

21 - 92 

22 - 86 

23 - 82 

24 - 78 

25 - 75 

26 - 70 

27 - 66 

28 - 61 

29 - 57 

30 - 55 

31 - 52 

32 - 49 

33 - 46 
3^-49 
35-39 

' 36-31 

87 - 28 

88 - 16 
39-11 


Acid 

of Bp. Ur. 
H425 
Tvr. 


0*57 

4*08 

7*60 

11*80 

14*67 

18*30 

21*85 

25*40 

*28*99 

32*55 

36*14 

39*73 

43*32 

46*87 

50*35 

53*87 

57*39 

60*87 

64*35 

67*73 

71*11 

74*52 

77*89 

81*23 

84*64 

88*06 

91*50 

94*88 

98*29 

101*67 

lu5*08 

108*58 

112*01 

115*46 

118*91 

122*32 

125*76 

129*03 

132*30 

135*61 

138*98 


•Acid 
of Bp, Ur. 
1*152 

r-$0“*4 Tw. 


0*53 
3*84 
7*14 
10*41 
13*79 
17*19 
20*53 
23*87 
27*24 
30*58 
33*95 
37*33 
40*70 
44*04 
47*31 # 
50*62 
53*92 
57*19 
60*47 
63*64 
66*81 
70*01 
73*19 
76*32 
79*53 
82*74 
85*97 
89*15 
92*35 
95*52 
98*73 
102*00 
105*24 
108*48 
111*71 
,iu r n 
118*16 
121*23 
124*30 
127*41 
180*58 


1 hire 
contain* 
* grmi, 

jkci. 


1 ’cubic fciot 

contain* 

Km HC1 


1*6 

12 

22 

32 

42 

53 

64 , 

74 

85 * 
96 
107 
118 
129 

Ul* 

152 
163 
174 
186 
197 
- 209 
220 
232 
243 
255 
267 
278 
291 
303 
315 
328 
* 340 
353 
366 
379 
392 
404 
418 
430 
448 
456 
469 


0*10 

0*75 

V37 

1*99* 

2*62 

8*30 

3*99 

4*61" 

5*80 

5*98 

6*67 

7*35 

8*04 

8*79 

9*48 

10*16 

10*85 

11*59 

12*28 

13*03 

13*71 

14*46 

15*15 

15*90 

16*65 

17*33 

18*14 

18*89 

19*64 

20*45 

21*20 

22 * 01 : 

22*82 

23*63 

24*44 

25*19 

26*06 

€56*81 

27*62 

28*43 

29*24 
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• _ 

TABLE XXXVI. (Text, p. 447.) 

Specific Gravity of Solutions of Sodium Carbonate 
at 15° C. = 60* F. 


% 

Hpeciflc 

Gravity. 

• 

Percentage by Weight. 

Kilos per 1 cubic metre. 

NfuCO;}, 

NaoC0 3 lOHoO. 

Na2COg 

Na 2 C0 3 10H 2 O. 

l-00fr 

0-67 

1-807 

6*8 

18*2 

1*014 

•> 1*33 

3-587 

13*5 

36*4 

1 *022 

2*09 

5-637 

21*4 

57-6 

1*029 

2*76 

7-444 

28*4 

76*6 

1*036 

3*43 

9*251 

35*5 

95*8 

1 *045* 

-4*29 

11-570 

44-8 

120*9 

1*052" 

4*94 

13*323 

52*0 

140*2 

11560 

5*71 

15*400 

60*5 

163*2 

1*067 

6-37 

♦ 17-180 

68*0 

183*3 

1*075 

7*12 

19*203 

74*5 

206*4 

1*083 

7*88 

21*252 

85*3 - 

230*2 

1*091 

• 8*62 

23*248 

94*0 

, 253*6 

1*100 

. 9*43 

25*432 

103*7 

279*8 

1*108 

10*19 

27*482 

112*9 

304*5 

1*116 

10*95 

29*532 

122*2 

329*6 

1*125 

11*81 

31*851 

132*9 

358*3 

1*134 

12*61 

34*009 

143*0 

385*7 

1*142 

13*16 

35*493 

150*3 

405*3 

1*152 

’ 14*24 

38*405 

164*1 

442*4 



964 


appendix 


TABLE XXXVII. {Text, p. 448.) 




APPENDIX 


TABLE XXXVIII. .(Text, p. 449.) 

* I » 

Specific Gravity of Concentrated Solutions of Sodium Carbonate 
* at 30 0 C. = 86° F. 


*5 £sa. 


100-lbs. gontain lbs. 


1 litre contains grms. 




Na 2 qp 3 , 10 aq. NagG0 3 . Na 2 CO s> 10 aq. 



TABLE XXXIX. (Text, p. 449.) 

Influence of Temperature on the Specific Gravity of Sodium 
Carbonate Solutions. 

9 

(Approximate meait values for ± i° C.) 


• For Temperatures from 

For Specific Gravities m 

0* to BO’. 

S0 # to 40". 

• 

40Uo 

50" to T0°. 

t0°^o 100°. 

From 

• 

To 


*010 

• l * 050 -\ 


*060 

1*070 


*080 

1*110 

in 

-tH 1 

.*120 

1*170 

*S 

1*180 

1*200 

CO 

14210 1 

l * 240 j 


L -241 

V 252 “ 

0 

\«o 

I CO 

1*263 

1 * 285 . 

} 05 
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iaBLK XI. 


('/«/, p. 452.) 

r 


English, .German, and French Commercial Alkajimefeiric Degrees. 




■ 










% 

0*3 m 

m 

1 . i 

1? 

gw 

h 

A 

* 

| 

if 

i'% 


l 

It 

fi f-4 

45 1 

lip * 

kQ g* 

w B 

•4* a ^ 

nt 

fig 



m 

if 

*3©® 

i 

a 

S3 

| ft 

tO 2 

o tg 

gl 1 

iff 

*3© 

ssf 

wX a 

i* 

JA £ 

O O 

a I 
* JE 

Ps 

*30 



-a ]jb 

V KJ 

u J? 

5 


« 1 

5a 

x + 


i* 




o 


0*5 

0*51 

0*85 

0*79 

26*& 

""V 

26*85 

45*31 

41*#8 

•52*5 

_ 

53-W 

89*70 

H'&m* 

I 

1*01 

1*81 

1*58 

27 

27*35 

46*17 

42*07 

53 

53*70 

90*01 

83*77 

1*5 

1*52 

2*56 

2*37 

27*5 

27*86 

47*02 

43*40 

53*5 

54 -20 

91*47 

84*56 

2 

2*03 

3*42 

3*16 

28 

28*36 

47*88 

44*25 

54 

64-71 

92*32 

85*35 

2*5 

2*54 

4*27 

3*95 

28*5 

28*87 

48*73 

45*04 

54*5 

60*588 

93*18 

86*14 

3 

3*04 

5*13 

4*74 

29 

20-88 

49*59 

45*83 

55 

55-72 

94*03 

80*93 

3*5 

3*55 

5*98 

5*53 

29*5 

29*89 

50*44 

46*82 

55*5 

56-23 

94*89 

37*72 

4 

4*05 

6*84 

6*32 

30 

30*39 

51 *29 

47*42 

56 

56-74 

95*74 

88*52 

4*5 

4*56 

7*69 

7*11 

30*5 

30*90 

52*14 

48*21 

56*5 

57-24 

96*60 

89*31* 

5 

5*06 

8*55 

7*90 

31 

31*41 

53*00 

49*00 

57 

67-75 

97*45 

90*10 

5*5 

5*57 

9*40 

8*69 

31*5 

31*91 

53*85 

49*79 

57*5 

58-26 

98*81 

90*89 

6 

6*08 

10*26 

9*48 

32 

32*42 

64*71 

50*88 

58 

58-76 

99*16 

100*02 

91*68 

6*5 

6*59 

11*11 

10*27 

32*5 

32*92 

55*56 

51*37 

58*5 

50-27 

92*47 

7 

7*09 

11*97 

11*06 

33 

33*43 

56*42 

52*16 

59 

60-77 

100*87 

93 ‘26 

7*5 

7*60 

12*82 

11*85 

33*5 

33*94 

57*27 

52*95 

59*5 

60*28 

101*73 

94*05 

8 

8*10 

13*68 

12*64 

34 

34*44 

58*13 

53*74 

60 

60-76 

102*58 

94*84 

8*5 

8*61 

14*53 

13*43 

34*5 

34*95 

58*98 

54*53 

00*5 

61-80 

103*44 

95*63 

9 

9*12 

15*39 

14*22 

35 

35*46 

59*84 

55*32 

61 

61-80 

104*30 

96*42 

9*5 

9*63 

16*24 

15*01 

35*5 

35*96 

60*69 

56*11 

61*5 

62-31 

105*15 

97*21 

10 

10*13 

17*10 

15*81 

36 

36*47 

61*55 

56*90 

62 

*62-82 

106*01 

98*00 

10*5 

10*64 

17*95 

16*60 

36*5 

36*98 

62*40 

57*69 

62*5 

68-82 

106*86 

* 98*79 

H 

11*14 

18*81 

17*39 

37 

37*48 

63*26 

58*48 

63 

63-83 

107*72 

99*58 

11*5 

11*65 

19*66 

18*18 

37*5 

37*98 

64*11 

59*27 

63*5 

64-33 

108*57 

100*87 

12 

12*17 

20*52 

18;97 

38 

38*50 

64*97 

60*06 

64 

64-84 

109*43 

101*16 

12*5 

12*68 

21*37 

19*76 

38*5 

39*00 

65*82 

60*85 

64*5 

65-35. 

110*28 

101*95 

13 

13*17 

22*23 

20*55 

39 

89*51 

66*68 

61*64 

65 

65-85 

111*14 

102*74 

13*5 

13*68 

23*08 

21*34 

39*5 

40*02 

67*53 

62*43 

65*5 

66-3<T 

lll'CO 

103*53 

14 

14*18 

23*94 

22*13 

40 

40*52 

68*39 

63*22 

66 

66-87 

112*35 

104*32 

14*5 

14*69 

24*79 

22*92 

40*5 

41*03 

69*24 

64*01 

66*5 

67-37 

113*70 

105*11 

15 

15*19 

25*65 

23*71 

41 

41*54 

70*10 

64*81 

07 

67-88 

114*56 

105*90 

15*5 

15*70 

26*50 

24*50 

41*5 

42*04 

70*95 

65*60 

67*5 

68-39 

115*41 

106*69 

16 

16*21 

27*36 

25*29 

42 

42*55 

71*81 

66*39 

68 

68 -S9 

116*27 

107*48 

16*5 

16*73 

28*21 

26*08 

42*5 

43*06 

72*66 

67*18 

68*5 

69-40 

117*12 

! 108*27 

17 

17*22 

29*07 

26*87 

43 

43*57 

73*52 

67*97 

69 

69-91 

117*93 

109*06 

17*5 

17*73 

29*92 

27*6*: 

43*5 

44*07 

74*37 

68*76 

69*5 

70-41 

118*83 

109*85 

18 

* 18*23 

30*78 

28*45 

44 

44*58 

?5 *23 

69*55 

70 

70-92- 

119*69 

110*64 

18*5 

18*74 

31*63 

29*24 

44*5 

45*08 

76*08 

70*34 

70*5 ! 

71-43 

1 120*53 

111*43 

19 

19*25 

32*49 

30*02 

45 

45*59 

76*94 

71*13 

71 

71-93 

121*39 

112*23 

19*5 

19*76 

33*34 

30*82 

45*5 

46*10 

77*80 

71*92 

71*5 

1 72-44 

122*24 

**13 *Q2 

^ 20 

20*26 

34*20 

31*61 

46 

46*60 

78*66 

72*71 

72 

72-95 

123*10 

113*81 

20*5 

20"*77 

35*05 

32*40 

46;5, 

47*11 

79*51 

73*50 

[72^5 

73-45 

123*95 

114*60 

21 

21*27 

35*91 

£3*19 

47 ' 

47*62 

80*37 1 

74*29 

| 78 

73-96 

124*81 

115*89 

21*5 

21*78 

36*76 

33*98* 

47*5 

48*12 

81*22 

75*08 

1 73*5 

74-47 

125*60 

11$*!S 

22 

22*29 

37*62 

34*77 

48 

48*63 

82*07 

75*87 

: 74 

74-97 

120*52 

116*97 

22*5 

22*80 

38*47 

35*56 

48*5 

49*14 

82*93 

76*66 

74*5 

75-48 

127*37 

117*70 

23 

23*30 

39*33 

36*35 

49 

49*64 

83*78 

77*45 

75 * 

75-99 

128*23 

118*55 

23*5 

23*81 

40*18 

37*14 

49*5 

50*15 

84*64 

78*24 

75*5 

76-49 

129*08 

119*84 

24 

24*31 

41*04 

37*93 

50 

50*66 

85*48 

79*03 

76 

77-00 

129*94 

120*13 

24*5 

24 *82 

41 >89 

38*72 

50*5 

51*16 

86*34 

79*82 

76*5 

7f-51 

180*79 

120 ’92^ 

25 ^ 

, 25*32 

42*75 

39*51 

51 

51*67 

87*19 

80*61 

77 

78-01 

131*65 

121*71 

*25*5 

25*83 

43*60 

40*30 

51*5 

52*18 

88*05 

81*40 

77*5 

78-52 

132*50,* 

122*50 

26 

26*34 

44*46 

41*09 

52 ' 

52*68 

88*90 

82*19 


✓ 
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' TABLE XLI.‘ (Text, p. 464.) 

Specific Gravity of Solution^ of Sodium Hydroxide 
, * at i8°*C.= 64%4 F. 


NaOH 
par cant. 

Specific Gravity. 

• 

» 

NaOH 
per cent. 

Specific* Gravity. 

# 

% 

0 

0-99866 .* 

26 

1-2860 

1 

1-01003 

27 ’ 

1-2968 

2 

1-02127 

•28 

1-3076 

3 . 

1*032^1 

29 . 

1-3184 

4 

1*04349 

30 

1*3290 

5 

1*05454 

31 

1-3396 

* 6 

1*06559 

32 

1-3502 

7 

1-07634 

33 

1-3605 

8 

1-08769 

34 

1*3708 

9 

1-09872 

35 

1-3811 

10 

1-10977 

36 

1-3913 

11 

1-12082 

37 

1*4014 

12 

1-13188 

$8 

1-4115 

13 

1*14294 

39 

1*4215 

14 

1*15400 

40 

1-4314 

• 15 

1*16505 

41 

1*4411 

. 16 

1*17610 

42 

1*4508 

17 

1*18714 

43 

1*4604 

18 

1*19817 

44 

1*4699 

19 

1*20920 

45 

1*4794 

20 

1*22022 

46 

1*4890 

21 

1-23121 

47 

1*4985 

• 22 

* * 1*24220 

48 

1*5080 

, 23 

1-25317 

49 

1*5174 

24 

1*26412 

50 

1*5268 

25 

1*27506 


• 

* 


TABLE XLII. (Text, p. 484.) 

Specific Gravity and Composition of Milk of Lime 
. at 15° C. 


Degrees 

Twaddell. 

Grams 

CaO per litre. 

• 

Lbs. CaO 
per cubic foot. 

Degrees 

Twaddell. 

• 

Grams 

C<K> per litre. 

Lbs. CaO 
per cubic foot. 

• 2 

11*7 

0*7 

28 

177 

11*1 

4 * 

24*4 

1*5 

30 

190 

11*9 

6 

37-1 

2*3 

32 

203 

12*7 

8 

49*8 

► 3*1 

34 

216 

• 13*5 

10 m 

62*5 

• 3-9 

• 36 • % 

2£9 

14-3 

1 % 

75*2 

4*7 

38 

# 242 

45*1 

u 

87*9 

5*5 

40 

255 

15-9 

16 

100 * 

6*3 

42 

268 

16*7 

18 

113 

7*1 

44 

281 

17-6 

, 20 

# 

126 

* 

7*9 

46 

294 

• 

18*4 

22 

138 

8*7 

48 

307 * 

19*2 

24 . 

152 

9*5 

50 

321 

20TO * 

26 

164 • 

10*3 

• 


... 

# 



• 

• 
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* TABLE XLIV. (Text, p. 500.) 
Specific Gravity of Bleach Solutions. 


Specific Gravity 
at 15*. | 

Available 
Chlorine . 
Gnus. per litre. 

Specific Gravity 
at 16*. 

Available 
Chlorine. 
Grms. per litre. 

Specific Gravity 
at IP*. 

Available r 
Chlorine. 

Grins. per litre. 

1*1155 
1*1150 
1-1105 
1*1100 
1*1060 
# 1*1050 

1-1000 
1*0950 
‘ ; 1*0900 

1*0850 

71-79 <" 

71-50 

68-40 

68-00 I 

65-38 

64- 60 
61-50 
58>40 

65- 18 1 
52-27 

1-0800 
1*0750 * 

1*0700 
1-0650 
1*0600 
1*0550 
^ 1-0500 c 
1*0450 
1*0400 

49*96 
45*70 
42*31 
39*10 
85*81 1 

82*68 
29-60 , 
26*62 
23*75 

1*0350 
1-030C 
1*0250 
1*0200 
1*0150 ! 

1*0100 
n 1*0050 
1*0025 
1*0000 

20*44 

17*36 

14*47 , 

11*41 

'8*48 

5*58 

2*71 
^ 1*40 

Tr-ce 
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appendix 


Pressure? and Specific Gravity of Liquid Chlorine. 
« R„ Knietsch . 1 


Temperature. 

Degrees. 


-SB 

85 

80 

75 

70 

65 

60 

55 

50 

45 

40 

35 

33*6 

30 

25 

20 

15 

10 

5 

0 

+ 5 
10 
15 
20 
25 
30 
35 
40 
50 
60 
70 
80 
90 

* 100 
110 
120 
130 


-T 

Pressure/ 


Spefafie Oruvlty. 

*t * 


37*5 mm. Hg. 

45*0 

62*5 

88*0 r „ 
118 

159 ** 

210 

275 *» 

350 it 

445 

560 

705 

760 

1-20 Atm. 
1*50 „ 
1*84 „ 

2*23 
2*63 
3*14 „ 

3*66 »» 
4*25 t> 

. * 4-95 „ 

5-75 „ 
6*62 
7*63 „ 
8*76 „ 
9*95 „ 
11*50 „ 
14*70 „ 
18*60 „ 
23*00 „ 

28*40 „ 
r 34*50 „ 
41*70 „ 
50*80 „ 
60*40 „ 

71*60 „ 

93*50 „ 


Mnn Coeiilnli'nH 
of Bxpwwlon. 


1*0602 
1*6490 
1-6382 
1*6273 
1*6167 
1*0055 
1*5945 
1*5830 
1*5720 
1*5589 
1*5575 
1*5485 
1*5358 
1*5230 
1*5100 
1*4965 * 
1*4830 
. 1*4690 
1*4548 
1*4405 
1*4273 
1*4118 
1*3984 
1*3815 
1*3683 
1*3510 
1*3170 
1*2830 
1*2430 
1*2000 


Critical point. 


lo*001409 


.0*001^3 

r 

0*001978 
0*002030 
■ 0*002190 

jj-0-002260 

j 0*002690 
jjo*003460 



TABLE XLVII. (Teat, p. 661 .) 

• Determination of Calcium Carbonate 4n Limestone. Table of the. Weight of Substance to be Weighed ou 

when x cc. of carbon dioxide represents i per cent, of calcium carbonate*, .for barometric pressure* of 




to be Weighed out— Continued. 
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TABLE XLVfll. (Text, p. 701.) 

• , 

Specific Gravity of Cement. 

Weight of substance taken = 30 g. ; volume of alcohol displaced given in c.c. 


*r 








c.c. 

Hp. Or. 

* c ‘ c * 

Bp. Or. 

C.C. 



Sp. Gr. 

c.c. ^ 

Sp. Gr. 

9*00 

8*3*33 

9*30 

3-22? * 

9*60 

*r 

3*125 

9*90 

3*030 

1 

3*330 

1 

3*222 

1 1 

3*122 

1 

3-027 

* 2 

3*326 

2 * 

3*219 

• 2 

3*119 

2 

3*024 

, 3 

3*322 

a 

* 3*215 

3 

* 3*115 

3 

3*021 

4 

3*319 

4 

3*212 

4 

3*112 

4 

3*018 

5 

3*315 

5 

3*209 

5 

3*109 

5 

3*015 

§ 

3*311 

6 

3*205 

6 

3*106 

6 

3*012 

7 

8*303 

7 

3-202 

7 

3*102 

7 

3*009 

8 

3-304 

S 

3*199 

# 

3*099 

8 

3*006 

9 

3*300 

9 

3*195 

9 

3*096 

9 

3*003 

9*10 

3*297 

9*40 

3*191 

9-70 

3*093 

10*00 

3-000 

1 

3*293 

1 

3-188 

1 

3*090 

1 

2-997 

2 

3-289 

2 

3*1S5 


3*086 

2 

2*994 

3 

3*286 

3 

3*181 

3 

3*083 

3 

2*991 

4 H 

8*282 

4 

3-178 

4 

3*080 

4 

2-988 

5 

3*279 

5 

3-175 

5 

3*077 

5 

2-985 

6 

3*275 ! 

6 

3-171 

6 

3*074 

6 

2-982 

7* 

3*272 

7 

3-168 

7 

3*071 

7 

2-979 

8 

8-21& 

8 

3-165 

8 

3*068 

8 

2-976 

9 

3*264 

9 

3-161 

9 

3*064 

9 

2-973 

9*20 

3*261 

9*50 

3-158 

9*80 

3*061 



1 

3*257 

1 

3-155 

1 

3*058 

| 


2* 

3*254* • 

2 

3-151 

2 

3*055 



• 3 

3*250 

3 

3-148 

3 

3*052 



4 

3*247 

4 

3-145 

4 

3*049 



6 

3*243 

5 

’ 3-141 

5 

3*046 



6 

3*240 

6 

3-138 

6 

3*43 # 



7 

8*236 

7 

3-135 

7 

3*040 



8 

3*233 

8 

3-132 

8 

3*036 

• 


% 

3*229 

9 

3-128 

9 

3*033 




• TABLE XLIX. (Text, p. 741.) 

Table of Hafffness, showing the parts pe* 100,000 of Calcium 
Carbonate (CaCO B ) for each* Tenth of a Cubic Centimetre of 
Soap Solution when 50 c.c. of the Sample are used. 


* 

c.c. ofboap 
Solution. 

• 

0*0 c.c. 

0*1 c.c# 

02^c.c. 

0*8 c.o. 

•0^- c.c. 

0*5 c.^. 

0*0 c.c. 

0*7 c.c. 

» 

0*8 c.*c. 

0*9 c.c. 

"§' " " 

0*0 

1*0 

2*0 

8*0 

4*0 

5*0 

6*0 

7V 

‘*48 
1*95 
8*25 
4*57 < 
6*00 
7*48 
8*86 

*63* 
2*08 
8*38 1 
► 4*71 
6*14 
7*57 
9*0$ 

‘*79 

2*21 

3*51 

4*86 

6*29 

7*71 

9*14 

‘*95 

2*34 

3*64 

5*00 

6*43 

7*86 

9*29 

i : h 

2*47 

3-77 

5*14 

6*57 

8*00 

9*43 

• 

1*27 

2*60 

3*80 

5*29 

6*71 

8*14 

9*S7 

1*43 

2*73 

4*03 

5^3 

6*86 

8*29 

9*71 

0*0 

1*56 

2*86 

4*16 

5*57 

7*0-9 

8*43 

9*86 

* 

e 

*16 

1*69 

2*99 

4*29 

5*71 

7*14 

8*57 

10*00 

•32 

1-82 

3- 12 

4- 43 

5- 86 
7-29 

-S-71 i 
10-15 j 

“* a? 





974 


APPENDIX 


TABLE L. (Text, />. 750.) 

Table, giving Correction fo? Titrations with Silver# Nitrate 
Solution by Mohr*is Method. . 




jF“~ 





j 

Silver Solu- 
tion used, 
in c.c. 

PedimiUm, 

tnr.c. 

Silver Holu. 
timt uaed, 

In 

Statue tkm, 
i^ex. 

Sliver Solu- 
tion u#H, 
m c.c. 

iMurikm, 

in 

Sliver 

Umi 

In ex. 

lh’dttrticm, 
in »**. 





# t 


* 


0*2 

- 0*20 

0*7 

* 0-38 

8*0 

, -0*48 

7*0 

*0*54 

0*3 

- 0**25 

0*8 | 

- 0 - S > 

4*0 

-0*4K 

8*0 

^0*5& 

0*4 

-0*30 

0*0 

* -0*40 

5*0 * 

* 0*50 

* 9*0 

-0f58 

0*5 

-0*33 

1*0 

■ 0*41 

6*0 

- 0*52 

10*0 

' 0*80 

0*6 

- 0*36 ; 

2*0 

-0*44 



0 



TABLE LI. (Text, p. 787.) 

Table giving the Percentage of Oxygen in Dissolved- Air at 
Various Temperatures. 


Temperature. 

Oxygen. 

c.c. 

Nitrogen, 
Argon, etc. 

c.c. 

m 

Total. 

c.c. 

* • 

percentage of 
Oxygen in the 0J«* 
solved Air. 

m 

• 0 

10*19 

18*99 

# 29*18 

34*91* 

1 

9*91 

18*51 

28*42 

34-87 

2 

9.*64 * 

18-05 

27*69 

34*82 

3 

9*39 

17*60 

26*99 

. 34-78 

4 

* 9*14 

17-18 

26*32 

84-74 

5 

8*91 

16-77 

25*68 

* 34*39 

6 

8*68 

16-38 

25*06 

34-65 

7 

8*47 

16*00 

24*47 

34*60 

8 

8*26 

15*64 

23*90 

34*56 

9 

8*06 

15*30 

23*36 

34*52 

10 

7-87 

14*97 

22*84 

34*47 

11 

7-89 

14*65 

22*34 

34*43 

12 

7 ‘52 

14*35 

21*87 "S. 

U 34*38 

13 

7*3?' 

14*06 

21*41 

34*34 

H.4 

7-19 

18*7fl 

20*97 

34*30 

15 

7-04 

13*51 

20*55 

34*25 

16 

6-89 

13*25 

20*14 

34*21 

17 

6-75 

13*00 

19*75 

84*17- 

18 

6-61 

12*77 

19*38 

34*12 

19*' 

6-48 

12*54 
r 12*32 

19*42 

34*08 

20 

^‘36 r 

r 18*68 

3-403 

21 

6‘23c 

12*11 

18*34 

33*99 « 

2ft 

6-11 

11*90 

18*01 

83*95 

23 

6*00 

11*69 

17*69 

38*90 

24 

5*89 

11*49 

17*58 

33*86 

25 

5*78 

11*30 

17*08 , 

38*82 

26 

5*67 

11*12 

16*79 

33*7 7 

27 

r 5*5C 

10*94 

36*50 * 

88*73 

28 

5*46 

10*75 

16*21 

88*68 

"29 

5*36 

10*56 

15*92 

38*64 

30 

5*26 

r 10*38 

15*6£ 

33*60 

r — 

r 
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TABLE til. ( M ' ext , p . 876.) 

STable for the Determination of Carbon Dioxi.de in Air 
. by ‘Lunge and Zecktfndorfs Method. 


N oof 

Compressions, 

• 

Carbon dioxide 
content, in part# 
per thousand. 

No of « 

Compressions. 

• 

w 

Carbon dioxide 
content, in parts 
per thousand. 

2 * 

* 3*)0 

— • 

15 • 

0-74 

3 

2-50 

1(3 

0*71 

4 

2-10 

17 

0*69 

- 

1*80 

18 

0*66 

6 

1*55 

19 

0*64 

7 1 

i 1*35 

♦20 

0*62 

8 

j 1*15 

22 

0*58 

9 

! 1*00 

24 

0*54 

10 

0*90 

.26 

0*51 

n 

0*87 

28 

0*49 

* 12 

0*83 

30 

0*48 

o 13 

0*80 

35 

0*42 

14 

• 

0*77 

40 

0*38 


TABLE LIII. {Text, p. 877.) 

Maximum Moisture Content in I cb.m, of Air, in grams. 

Maximum Vapour Te?i$io?i of Water in mm. of Mercury 
m m at different Temperatures of the Air. 


4 ^Tempera- 

Vapour 

Tension. 

Grama of 
Water. 

Tempera- 

ture. 

Vapour 

Tension. 

Grams of 
Water. 

Tompera- 

ture. 

Vapour 

Tension. 

Grams of 
Water. 

- 10 * 

2'0 - 

■** 2*1 

8 ° 

8*0 

8*1 

21 ° 

18*5 

18*2 

- 8 

2*4 

2*7 

9 

8*5 

8*8 

• 22 

19-7 

19*3 

- 6 

2*8 • 

3*2 

10 

9*1 

9*4 

23 

20*9 

• 20-4 

• - 4 

3*3 

3*8 

11 

9*8 

10*0 

24 

22*2 . 

21*5 

- 2 

3*9 

4*4 

12 

10*4 

10*6 

25 

23*6 

22*9 

0 • 

4*6 

4*9 

13 

11*1 

11*3 

26 

25*0 

24*5 

1 

4*9 

5*2 

14 

11*9 

12*0 

27 

26*5 

25*6 * 

2 

5*3 

5*6 • 

m 15 

18*7 

12-8 

28 

28-f * 

27*0 

8 

• 5*7 

6*0 

*16 

13*5 

ft -? 

2 % 

29*8 


* 

6*1 

6*4 

17 

14*4 

14*5 


31*6 

30*1 ” 

5 


! 6*8 

18 

15*2 

15*1 

60 

* 

83*4 

6 

7*0 

7*3 _ 

19 

16*3 

16*2 



199*3 

7 


7*7 

20 

17*4 

17*2 
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ABSORPTION coefficients of gases in water, 225 
Acids : basicity of, towards different indicators 
& titrating with sodium hydroxide, 75 
ih cha'mber gases, determination of, 336 
in kiln gases, determination of total, 302 
nitrating uni spent, 331 - 
standard, 42 
"strength of normal, 93 
in sulphuric acid making, examination of 
the, 341 * 

“ Ados” gas analysis apparatus, 190 
Air, 866 

effect of the impurities in, 908 
estimation of constituent of, 867 
ammonia, 882 
aqueofls vapour, 877 
carbon dioxide, 869 * 

hydrogen peroxide, 879 
nitrogen, 869 

nitrous and nitrfc acids, 882 


oxygen, ^67 • 

ozone, 881 

estimation of impurities in, 883 
aniline, 907, 
m bromine, 903 

carbon bisulphide, ^05 
carbon monoxide, 889 
chlorine, 903 
cyanogen, 904 
dust, 901 

ether vapour, 90^ 

• hydrocarbons, 896 
hydrochloric acid, 888 
hydrocyanic acid, 904 


hydrofluoric acid, 904 # 

hydrogen arsenide, 904 * 

hydrogen^>hosphide, 904 
hydrogen sulphide, 888 
iodine, 903 

mercaptan, 906 * 

mercury, 905 
organic matter, 898 
* ^phosphorous trichloiide, 903 
soot and smoke, 899 
sulphur dioxide, 884 
tobacco^moke, 910 « 

Alkali, electrolytic liquors, 442 

if! soda ash, estimation of available, 450 

m 


% 


Alkafi waste, 435 

Aikalimetric degrees, English, French, and 
German commercial, 452 
Alkalis, standard, 95 
Alumina, 605 
analysis of, 619 
Aluminium salts, 605 

salts used in dyeing, etc., 620 
sulphate, analysis of, 608, 610 
estimation of alumina, 610 
estimation of free acid, 615 
estimation of iron, 614 

estimation of sulphuric acid, 613 > 

Alums : potassium, sodium, and ammonium, 

617 

Ammonia: determination of, in air, 882 * 

determination of, in water, 765 ■ 

-soda process, 435 

control of working conditions, 440 
raw materials, 439 • 

Ammonium alum, 617 

chloride or sulphate as standards for 
acidimetry, 88 
cyanide, analysis of, 554 
thiocyanate, 564 

thiocyanate, standard solutions of, 12 3 
Analytical results, calculation of, 183 
Anemometer : Fletcher’s, 1 70 
Kdnig’s differential, 168 
% readings, reducing to current velocity, 171, 

172. 

readings, temperature correction s*for, 172 
Anemometers, 165 

Aniline in air, estimation of, 907 * 

Areo-pyknometer, 163 * * 

Arsenic atirflfeydrochloric acid, determination of, 

415 * * . , . 
detection ancr estimation of, 11s sulphuric 

acid, 362, 383 
Bettendorf test, 376 
Gutzeit test, 374 
Marsh-Berzelius test, 363 
Reinsch te st<%374 
in fuel, determination 247 
in pyrites, determination of, 281 ** % 

Arsenious*acid : iodometric determination of, 

• 122 « 

standard solutions of, 122 


3 
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INDEX 


A|h in fuel, determination of, 343, 4 ** 

Atomic weights, mlcrniuiunitl, tSs 
“ Autalysator ** fox .determining rufbrm dwxi*b: 

k chimney g;i#ei, %*)i 
Azotomctcr : fcuop**, 125 
Wagner’s, 131, l|2 

Bakiuk hydroxide, standard, 99 

Burothermosco|>%the* 14S 

Baryta for glass- making, 629 m * 

Baume degrees, converting specific gravity im*»* 
“rational/* i6o * 

hydrometers, comparison of, with »po#iftf 
gravities, 159, 1 62 # 

Bauxite, analysis of, 605 
control of working conditions, C07 
products from, 608 
Beet ashes, analysis of, 540 
estimation of alkali salts ami alkalinity, 541 
estimation of moisture, 540 
estimation of potassium salts, $41, 542 
estimation of sodium carbonate, 542 
Bitter almond water, analysis of, 549 • 

Black ash, examination of, 422 
alkali, available, 424 
carbonating test, 426 
lime, free, 433 
lime, total, 424 

sodium chloride and sulphide, 425 
sodium sulphate, 426 

Bleaching powder; chlorine, value of, of dififerent 
strengths, 499, 500 

determination of carbon dioxide in, 509 
determining strength of, 300 
# Bunsen’s distillation method, 502 
Bunsen’s iodometric method, $01 
Gay Lussac’s method, 500* 

Graham’s method, 50I 
Lunge’s method, 504 
Penot’s method, 503 
Pontius* method, 503 
Vanino’s method, 506 
manufacture, 495 

Bleaching solutions and liquors, analysis of, 509 
alkali ^ hydroxide and carbonate, 516 
bases, |i6 
carbonic acid, 514 
chlorates, 51 1 

chloride-chlorine, 514 m - 

chlorine, available, 509 
hypochlorous acid, free, 510 
Borates ; determination of boric acid in, 625 
* natural, 625 
Borax, 625 * * 

as standard for acidimefcry ancWlkalimetry, 

88 

Boric acid^ 624 * 

determination of, 624 
Brine, 397 
analysis of, 398 

Bromine : determination of, in air, 903 
determination of, by iodine, 116 
Burettes, 46-52 
„ calibrating, ^ 4I 
gas, 194 

Burners : Berthelot’s, 29^ 

Mtlncke’s, 29 


*Btirnfr« (11 mid) : mwiriplc 30 * 
lain, 3a * 

, • * 

Calcium, ilctcrmiflatfem nffin limestone, 6;q f * 
• «9 

Calcium sulphide solutions, CftlfflMlioIt 
sulphidc-nulplfitr in, 438 
Calcipar ns standard for alkalimetry and 
acidimetf y # BK m 

Cilibtalion ut vessels, 33*46 
Calorimeter : tlcrihdof bomb, 254 
FiVlu*r «, 250 
PariS, « 56 
L» Thompson's, 260 
\\\ Thomson’s, 262 
Calorimeters, gait, 22b 
Boys’, 230 
Fischer‘s 336 * 

junkers’, 226 
Calorimetry, fuel, a 50 
Carbon ; in fuel, determination of, 248 
in fuel, determination of fixed, 344 * m 

itk pyrites, determination of, 288 
Carlson bisulphide in air, estimation of, 905 
Carbon dioxide t in air, estimation of, 869 
apparatus for determining, 148* m 

in bleaching liquors, estimation of, 514 
in chimney gases, apparatus f&r determining, 
190 * 

in the Deacon process, estimation of, 491 
in gases, determination of, by Hempel’s 
apparatus, 209 

liquid, exammatjim of commercial, 472 
Carbon monoxide ; in air, estimate of, 889 
* in gases, determination of, by Hempel's 
apparatus, a to 

Caustic soda. See under Soda 
Cellulose industry, crude fused soda of the, 
443 

Cement : calcareous, 65&1 m 
dolomittc or masriesian, 687 
hydraulic, 680, 688 
Portland, 688, 691 
Portland, adulterations of, 727 
Portland, analysis of, 692 
alkali, total, 694 
composition 
ferric oxide, 692 
, Hme, 693 

magnesium oxide, 093, 695 
sesquioxides, 692 
silicates, 692 ^ 

sodium and potassium, 6^4 
„ sulphur qnd sulphuric acid, 693 

Portland, mechanical tests for, 7 T4 
adhesion, 725 r 

bending strain, 726 * 

crushing strain, 724 
preparingdest pieces, 7x5 


tensile strain, 721 
Portland, physical examination of, 698 
abrasion test, 719. 
fineness, 701 
frost resistance, 713 
hydraulicifrv, 704 * 

permanency of volume, 706 
permeability, 711 
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Cement : Pqjtland (court,), specific gravity, 69$ 
• titfie of setting, 706 
Rom^i, 685 , 

Chamber acid, 34R % • 

Chamber gases, examination of, 333 9 

€h.ince-01aus sulphur recovery process, 437 
% estimation of soda, lime, Snd thiosulphate, 438 
estimation Of sulphide-sulphur, 437, 438 
examination of exit gases £rom Claus kiln, 
* 439 

examination of gas from gas-holder, 438 • 

examination of lime-kiln gases, 438 
Cherry*!aurel water, analysis of, 548 
Cffimney gases ; determination # of carbon 
cfroxide in, 190 
loss of heat from, 237 
Chlorates : analysis of, 497 

estimation of calcium*chloride, 498 
estimation of chlorate, 497 
estimation of, in bleaching liquors, 511 
Chloric acid, iodometric determination of, 1 1 7 
Chlorine : in air, estimation of, 903 

m bleaching liquors, estimation of available, 


509 

Deacon prongs?, 487 
determination of carbon dioxide, 491 
determination of chlorine, 487 
determination of hydrochloric acid, 490 
determination of nroisture, 495 
determination of, by iodine, 116 
industry, the, 476 

manufacture of, by means of manganese ore, 
484 % • • 

properties of liquid, 518, 519 
weight of I c.c. of, 507, 508 
Weldon process, 485 . 

Chromic acid, iodometric determination of, 117 
Clay, 568 
analysis of, 580 

eentesiqjEiI analysis, 580 
rational analysis, 585 
analysis of, for cement, 688 
colour, 573, 574 
^density, 575 

determination of refractoriness, 577 
physical examination, 569 
behaviour on drvlj|^ff72 
behaviour on firmg, 573 
mineral mixtures, 569 
plasticity, 57 1 
* refractoriness, 576 
vitriftption of, 575 
Clayware" 589 

chemical analysis, 598 _ # 0 

determination of composition of fi*ea, 59° 
estimation 9 i alumina in, 600 
estin&tion of soluble salts in, 601 
physical examination of, 589 
density and porosity, 590 * 
durability, 594, 595 
resistance to fire, 597 
* * resistance to wear, 5$3 

structure and hardness, 592 . 

stability of, towards acids and weathering, 
6oi,fro2 * 

testing for lead, 599 
CoJhineal as an indicator, 77 


Coke, determination of residual, iii fuel, 24^ . 
Combustion recorder, the Simmance-Abaay, 
#191 

Congo red : as indicator, 77 . 

paper, 80 

Copper in pyrites, determination of, 285 
Copper sulphate, electrolysis of? as basis for 
acidimetry, 89 

Crucible, Gooch, 25 # 

Cyanttes, determination of, in cyanides, 552 
> Cyanides, analysis of, 546, 549, 554, 555 
Fordcft and Gelis* method, 554 
iriebig’s method, 550 
Cyanogep, estimation of, 550, 554 
compounds, 546 

Deacon chlorine process, 487 

determination of carbon dioxide, 491 
determination of chlorine, 487 
determination of hydrochloric acid, 490 
determination of moisture, 495 ^ 
Dimethylaminoazobenzene as indicator, 67 
Draught, measurement of, 165 
Drips, testing chamber, 341 
Drying precipitates, etc., 27 

Earthenware^ 589 
chemical examination, 59^ 
alumina, 600 

determination of composition, 59& 

lead, 599 

soluble salts, 600 
stability towards acids, 601 
physical examination, 589 
density, 590 
durability, 594, 595 
fire-resistmg qualities, 597 
resistance to wear, 593 
structure and hardness, 592 
Effluents, 807 

containing mainly mineral matter, 807 
containingmainlynitrogenous organic matter, 
808 

contamination due to, 835 
fish culture, 835 
industries, 838 
live stock, 837 
plants, 839 # 

# soil, 839 
waters, 840 
examination of, 81 1 
acids, 816 

albuminoid matter, 826 
alkalinity, 816 
carton^organic, 829 
carbon dioxide, £32 
chlorine, 8^ 
coal gas products, 833 
colloidal matter, 814 
dissolved gases, 813 
excreta, 832 
hydrogen suiphide, 825 
nitrogen, 817 * 

oxidisable matter, 815 

• oxygen, 827 

* preliminary tests* 81 1 
putrescibility, 833 
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INDEX 


' FJtamn tsf ' 

% residue on evajwaimm hi a 

ftuiphUtoftt &*3 * # 

suspended matter, 83$ . . _ s a i ot i 

mamxmk wd b.icim.il«K»r»l **•»««»« *» 

of, 834 * 

Enamels and enamel calmtrs , M* 

Ether f apou? in »^h e»tixn.d»ofl o * P ■ % 

Evaporation* 83 * * 

of permanganate * on « 

Filtration, 33* 2 5 
Fhaks, calibrating, 39, 4* 

Flint for glass-making, 033 
Fiourometcr, 70S . , . 

Fluor-spar for gla^-uukmg, «*9 * 

Fluxes for glass-making, 027 
Fuel { analysis, 241 

calorific value of gaseous, 2x0 # 

SSS'A - 

deWim\n»^on Vcwbon and hydrogen in, 

248 

determination of fixed carion tn, 244 
determination of moisture and aeh m, 242 
determination of sulphur in, 24$ 
sampling, for analysis, 24 x 
0 Fusion, 23 


GAS: analysis apparatus, Bone and Wheeler’s, 
m 2X9 

Fischer's, 198, 21$ 

Hempel’s* 20$ * 

Lunge’s, 201 
Orsat’s, 198* 20 **) 20 ^ 

Sodeau’s, 203, 219 
analysis, apparatus for, 194 
analysis, technical, 189 
burette: Buntc’s, 195 
Honigmann’s, 197 

Winder’s, 194, 2 <>6 
calorimeter : Boys’, 230 
Fischer’s, 236 

Junkers', 226 . ? 

Junkers’, corrections for, 231 
residuals, sulphur from, 270 
sampler : Dodeau’s, 193 
Stead’s, 193 

^-volumeter, 138 in 

table for converting volumes obtained m, ^ 
into wei ghts of constituents, 

— universal, 154 r 

-volumetric analysis, 125 , 

Gases : absorption coefficients of, m water, 225 
calibration of measuring instruments for, 44 
collecting samples of. X 91 , , 

determination of carbon dioxide m, 190* 209 
determination of carbon monoxide in, ,21° 
determination of hydrogen m, 2il, 212 
determination of methane m, 2 1 3» 2 1 4 
determination of oxygen in, 209 " 

determination of total sulphur m heating*, 


<*„„ (, in hydfolh'mir 4rid*u»«y«i»X. 

*»ft 4**#, 4*® 

|, s * *,f hrxi from »lnmnry, 237 

injuring U* t 1:5 

of, 333 , , 

G ty*l.u»^r acid. rjumimitmn <4, 34a 

a , ti*m o* acids water, et> "t>, f »35 
* •>nalysie of, f>*t . . 

qtubuiric exunmaumt, 
quantitive examination, *»44 
aiuly V 4,<olm>»e.l, <>« 

boric add and bnr.»l«« for, 024 
colouring .igcnmfor 631 
decolorising sigenu for, 030 * 

composition of, 634 * f 

decomposition of for analysis, f> 44 
lead glass* 650 

taadfe* Rl»» M* ... fi „ 

determination of Umc acid in, ®$ 2 
determination of fluorine in, **53 
determination of lead in, 6 5° . * 

determination of phosphoric .rtflyn* S4 
enamels, 6$7 

fluxes for, 627, 629 # 

lead oxide for, 638 m 
lime for* 628 . 

production of opacity in, 033 
silica and silicates for* 630* 623 
testing, for resistance to weather, water* etc* 

635 * * 

for volumetric analysis, quality 9ft 54 
Glazes, 389 

chemical examination, $98 
alumina, 600 

determination of composition, 59» 
lead, 599 ** ^ 

soluble salts, 600 * £ 

stability towards acids, 60X, 002 
physical examination, 589 
density and porosity, $9® 
durability, S94» 5?$ 
fire-resisting qualities, 597 
resistance to wear, 593 
structure and hs!?*ft6SS, 59 2 
Glover acid, examination ox, 34 2 
r Grinding substances, 17 r 
Gypsum, 729 


Heat, loss of, from chimney gases, W 1 
Heating apparatus, 29 
Humus, determination of, m sods, 857 
Hydrochloric acid : in air, estimation of, 888 
analysis of, 4*3 r 

arsenic, 415 
chlorine, 4x7 
hydrochloric acid, 417 
iron, 416 

residue, 413 r 

selenium, 417 
sulphur dioxide* 416, 4x7 
sulphuric acid, 413 ~ f 

examination offgases m the manufacture of, 
409,4X1 * 

exit eases, Hargreaves’ process, 409 
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with 


* | 

Hydrochloric acid ( eonlfy : in sulphuric acic^ 

» determination of, 383 
in the Deacon process, estimation of, 49®'* 
manufacture, 3^7, 409, • 

properties of, 41 1 
* specifi#gnwity of, 412 
* standard, 82 • 

Hydrocyanic acid : in air, estimation of, 904 
analysis of-, 548 

Hydrofluoric acid in air, estinfation of, 904 . 
Hydrogen: determination of, by absorptiqp 
with palladium, 212 * 

determination of, by Hempel’s 0 apparatus, 

* 211 

in Steel, determination of, 248 • • 

Hydrogen arsenide in air, estimation of, 904 
Hydrogen peroxide ; in air, estimation of, 879 
for permanganate standardisation^ 109 
Hydrogen phosphide in air, estimation of, 904 
Hydrogen sulphide : in air, estimation of, 

888 

determination of, by iodine, 116 
Hjtirorfteters, comparison of Baume, 
specific gravities, 159, 162 
Hypochlorou^acid in bleaching liquors, deter- 
minatiqp cfr, 510 

* 

Igniting precipitates, etc., 27 
indicators, 55 + 

cochineal, 77 

Congo red, 77 

diammoazotoluenesulphomc acid, 7^ 
dimethyl^minoazobqizene, 67 

ferric salicylate, 77 
iodo-®osine, 76 

laemoid, 75 # 

litmus, 67 

methyl orange, 6 1 

and /.-nitrophenol, 77 
phenobhthaleig, 7 * 

Poirriers blue O4B, 78 
rubrescin, 76 
turmeric, 78 
basicity of acids towards, 7 5 

* theory of, 58 . , , - 

Iodic acid as acidimetric standard, 89 
'lodimetry, 112 _ 

Iodine : in air, estm#«n of, 903 

preparation of pure, 120 . , . # 

solution, determinmion of arsemous acid by, 

* solution, determination of thiosulphates by, 

solutions, standard, 1 1 3 m 

KSTSSS; is. «*• «* 

Iron: for permanganate standardisation, _ 1 05 
pyrites. See Pyrites , . 

in sulphuric acid, determination of, 380 

• Kiln gases : determination of sulphur dioxide 

determination of total acids in, 3h 2 

LACMOID : as indicator, 75 
«paper, So 


Lead : in sulphuric acid, determination of, ^80 
oxide for glass-making, 628 
Lime : analysis of, 658 
0 analysis of quick-, 48$ * m 
analysis of slaked, 484 
content of milk of lime, 484 
examination of, 071 
for glass-making, 620 
hydraulic, 681 
dialysis of, 68 1 

, in mortar, determination of, 672 
valuation of quick-, 669 
Limestone: analysis of, 481, 659, 665 

determination of calcium oxide or carbonate, 
48*2, 659, 663, 667 
determination of clay, 664 
determination of insoluble matter, 482 
determination of iron, 483 ^ 
determination of magnesium oxide, 482, 
• 663,668 

Litmus : as indicator, 67 
paper, 79 


MAGNESIUM in potash salts, determination of, 

53 ^ 

Manganese and manganese dioxide in Weldon 
mud, estimation of, 485, 486 
Manganese ore, analysis of, 47^ 

determination of carbon dioxide, 481 
determination of hydrochloric acid necessary 
for decomposition, 481 
determination of moisture, 477 
determination of active oxygen, 477 
Manometers : differential, 167 
Langen’s,i69 
Marls, examination or, 053 
Measuring : liquids, 39 
vessels for gases? 155 . 

Mercaptan in air, estimation of, 900 
Mercuric cyanide, analysis of, 555 
Mercury vapour in air, estimation 01, 9°5 
Methane : combustion of, by heated platinum 
wire, 214 

in gases, determination of, 213 
Methyl orange : as indicator, 61 

Moisture : in coal, etc., determination of, 242, 
420 

in Deacon gz#es, determination of, ^495 
in manganese ore, determination of, 477 
Mortar, determination of lime m, »7 2 

-Nessler’S reagent, 9 66 . - 

Nitrate in saltpetre, determinate of, 309 

^ ignition method, 318 

Lunged nitrometer method, 3 *5 ** 

“ Nitron ”*method, 3 ** 

SchlOsing-Grandeau-Wagner method, 3*7 
UIsch-Bbckmann method, 31 1 
Nitrating acids, examination of, 33 * 

Nitre. See Potassium nitrate 
Nitric acid, 323 
manufacture, *06 


specific gravity, 324 
standard, 83 


sxanaaru, 05 . f 

in sulphuric acid, determination of, 379 
and sulphuric aciu, mixtures of, 33* 
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* # Nijfic acid fyonttl,') : testing, 328 
acidity, total, 329 
chlorine, 330 . 
iodine, 340 
metals, 330 

nitrogen peroxitte, 328 ^ 
residue, fixed, 329 
sulphuric acid, 330* 

Nitric oxide in chamber gases, determination 
of, 338 * * 

Nitrogen: absorption, Dietrichs table for, 128 
in air, estimation of, 869 m 

Dietrich’s table for weight of x c.c. of, t^9, 
130 

in fuel, determination of, 247 
in soils, determination of, 861, 862 
Nitrogen peroxide, estimation of, 328 
Nitrometer, the, 132 

Nitrosity of drips, determination of, 341 
Nitrous acid in nitrous vitriol, determiifation 
of, 343 . . 

Nitrous oxide in chamber gases, determination 
of, 340 * 

0.- and ^.-nitrophenol as indicators, 77 

OLEUM. See Sulphuric acid, fuming 
Oxalic acid: as basis for alkalimetry and 
acidimetry, 82, 83, 91 
normal, 94 

standardising permanganate by, 103 
Oxide, spent, examination of, 555 
moisture, 556 
* Prussian blue, S$6 

manufacture of ferrocyanide from, 561 
manufacture of thiocyanates from, 564 
Oxygen : in air, estimation of, 867 

in chamber gases, determination of, 334 
in gas mixtures, determination of, by 
HempePs apparatus, 209 
in manganese ore, determination of active, 
477 

Ozone, in air, estimation of, 881 

Perchloric acid, preparation of, 523 
Permanganate. See Potassium permanganate 
Peroxides, iodometric determination of, 1 17 
Phenolphthalein : as indicator, 7* 
paper, 80 

Phosphorus trichloride in atf, estimation of, 
903 

Phosphorus in fuel, determination of, 247 
Pipette, Hem pel's explosion, 213 
^Ostwald’s, 42 
Pipettes, 53 o-t 

calibrating, 39, 40, 41 * 

Courier's blue C4B as indicator, 78 
Potassium, determination of, $30, 528 
perchloric add method, $22, 530 
. platinichloride method, 520, 528 
other methods, 324 
Potassium alum, 617 
bichromate in alkalimetry, 93 
bi-indate as acidimotric standard, 89 
c^rbona^g, analysis of, 543, 543 
carbonate, determination of sodium carbonate, 
m, 544 

' carbonate for glass manufacture, 627 


INDEX * 


gotanium carfton.iu* n*anufariuu\ $40 • 
by-products, 5 $3 * ’ * 

‘ products, 543 
intermediate products* 5*3 
faw materials, $40 
emor ate, analyst of, 497, 498, 517* 
chloiatc manufacture, 497 
chloride, analysis of, 533. 54© * * 

determination of insoluble * matter and 
moist ui c, 535 

m determination of magnesium salts, 535 
* determination of potassium, 533 
deterxvnation of sodium chloride, 434 
cyanide, analysis of, 549 # 

ferricfhmQe, 563 * 

ferrocyanide, 555, 562 
manufacture of, from spent oxide, 561 
hydrogen tartrate as^tandard fot acidimeny, 
93 

hydroxide, standard, 99 
nitrate, analysis of, $38, 539 
nitrate, estimation of, in chlorate, 51J * ^ 
permanganate, standard, 99 

standardising, by fenous ammonium 
sulphate, 108 ^ 

standardising, by hydrogen peroxide, toj 
standardising, by iron method, 105 
standardising, by nitrometernnethad, 109 
standardising, by tfXalic acid, 103 
standardising, by Volhard’s iodometric 
method, 109 

salt manures, analysis of, 537 
salts, analysis of, ,5*0, 528, $3^533 
determination of magnesium, 5 
determination of potassium, 520, 528 
determination of sulphuric acid, 531 
sulphate, analysis of, 535 
sulphate, determination of potassium in, 536, 
537 

thiocyanate, 567 m, m 
Precipitates, washing and filtering, 23 
Precipitation, 23 
Pressure-gauges, 165 
Prussian blue, determination of, 556 
Drehschrnidt’s metbo<J, 560 
Knublauch’s method, 557 
Moldenhauer and bold's method, 560 
Nanas’ method, 5 
Zulkowsky’s method, 558 
Puzzuolanas : artificial, d/9 
natural, 674 * 

Pyrites : determination of arsenic in, 28 1 
determination of carbonates and carbon in, 
288 

* determination of copper in, 272, 285 
determination of lead and zinc Ch, 287 
determination of moisture in, 27a ** 

determination of sulphur in, 272, 394 
distinguishing ordinary and magnetic, 289 
Pyrometers : air, 175 
calorimetric, 178 
electric resistance, 1*9 
expansion, 175 
fusion point, 176 
optical, 177 * 
thermo-electric, 1S0 
and pyrometry, 174 
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QUARi'Zlbr glass-making, 623 1 
Lime • 

ROBREfclN (indjcator) 4 76 

SALT : igialysis of, 400 
,* chlorine, 401 m 

insoluble matter, 402 
mofstuns, 400 

•sulphuric acid, 401 • 

works, 397 # 

SaUcake : analysis of, 404 
aluminium, 407 
% c&cium, 405 
free acid, 404 • 

insoluble matter, 405 
iron, 403 
magnesium, 406 
sodium chloride, £04 
sodium sulphate, 408 
manufacture of, 397, 419 
Saltpetre, Chili, 306 
*tt 4 ajr of, 307 
complete analysis of, 30S 
estimation of nitrate in, 309 
estimatioiW perchlorate in, 319 
Samples : ?f gases, collecting, 191 
storing, jc 92 

collection and storage of, 16 
taking, 7-17 

Sampling : caustic soda, 465 
effluents, $09 
fuel, 241 

gases, 19? * * 

liquid^ 14 

materials in large pieces, 9 * 

powdered chemicals, 13 
raw materials in powder, dross, etc., 12 
soils, 843 

Sand for glass-making, 622 
Santorin etrth, 67? 
u Sarco ” gas analysis apparatus, 190 
Soger’ s fusible cones, 176 
Sewage, 807 
^ examination of, 81 1 
adds, 816 • 

albuminoid matter i 836 
alkalinity, 81^**"^ 
carbon, organic, 829 
carbon dioxide* 832 
chlorine, 825 
coal-gas products, 833 
cojjoiaal matter, 814 
dissolved matter, 813 
excreta, 832 > • 

hydrogpn sulphide, 825 • 

nitrogen, 817 
oxidisable matter, 815 
oxygen, 827 
preliminary tests, 81 1 
putreseibility, 833 
i residue on evaporation, 812 

• sulphides, 813 

suspended matter, 825 
Silica for^glass-making, 620 
Silicates for glass-making, €20, 623 
Silver nitrate, standard solutions of, 123 


Slack for sodium carbonate manufacture, 420 • 

Slates, examination of roofing, 602 
Soda ash, 447 

• analysis (complete) ofi> *56 

estimation of available alkali m, 450 
examination of, 453 # 

% See also Sodiumlcarbonate 
Soda, caustic, 463 • 

analysis of, 466 

exTmin atio* ' of products in manufacture of, 

* 441 

caustic bottoms, 441 

• causticised liquor, 441 
fished salts, 441 
lime mud, 442 

sampling, 465 - 

specific gravity of solutions of, 463, 4°4 

lit of y the a cenulose industry, c rudefuse^443 

Sodium : in potassium chloride, estim ’ 

as standard for acidimetry and alkalimetry, 

88 

Sodium alum, 617 
aluminate, 617 
bicarbonate, 467 

3S&W-* - a- ?. $ 

carbonate, analysis of crude, 450, 453) 45 
available alkali, 45°) 45 8 
insoluble matter, 457 . 
physical and qualitative tests, 453, 454,^ 

455,459 + 

sodium carbonate, 45» 

sodium salts other than carbonate 455, 

carbonate, ^determination of, in carbonated * 

liquors, 429 

in potassium carbonate, 544 
in soda liquors, 4 2 9 
in vat liquors, 426 
in vat waste, 436 . 

carbonate for glass manufacture, 027 
carbonate, manufacture of, 4*9 
calcium carbonate for, 420 
Leblanc process, 4*9 
black ash, 422 
carbonated liquors, 429 

* saltcake, 419 

slack for, 420 * 

soda mother liquors, 429 
vat liquor, 426 
vat waste, 435 * , 

* Solvay process, 439. f 6 

S cM** Fes- for volume^ 
carbonate, * purification ot, tor 

carbonate 'solutions, specific g^^tnd 
carbonate as standard for acidimeiry 
alkalimetry, 83 
See also Soda ash 
chloride, 399 . 

analysis of, 400, 403 
chlorine, 40 x 

• _ •insoluble matter, 402 

• moisture, £00 
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Sodium chloride ; determination of mil- 

* phurfc acid in, 401 

pmc, 403 

cyanide, analysis of *5 54 * 

ferrocyanid^ $f>3 

ferrocyauidc in vat liquor, estimation of, 427 
hydrosulphite as dxygeri absorlscnt in jyis 

* analysis, 209 • 

hydroxide, normal, 96 
nitrate. See Saltpetre, Chili 
perchlorate, estimation of 4 in todium nitrate, 
319 # 

sulphate for glass manufacture, 627 
sulphate in salt cake, estimation of, 408 * 

sulphide, sulphite, sulphate, and . thiosul- 
phate, simultaneous determination of, 
430 
Soils, 841 

chemical examination, 851 

acids, treatment with various, 852~8$(% 
determination of carbon dioxide, 859 
determination of chlorine, 852 
determination of humus, 857 # 

determination of metals, 864 
determination of nitrogen, 861 
determination of sulphur, 862 
determination of water, 857 
mechanical examination, 844 
physical examination, 848 
absorptive power for salts in solution, 849 
capacity for water, 849 
capillary attraction, 849 
evolution of heat on moistening, 851 

# sampling, 843 
Solution, 22 
Solutions, normal, 80 

Specific gravities: comparison of Baumd hy- 
drometers with, 159, 165 * 

converting, into “rational” Baume degrees 
160 

determination of, 156 
Stassfurt salts, examination of, 528 
crude salts, analysis of, 528, 531 
intermediate ana finished products, 533 
Sulphides, iodometric determination of, r 16 
Sulphite liquors, for wood-pulp making 
examination of, 306 
Sulphites, determination of, 305 
Sulphur : analysis of native, 26£, 294 
determination of, 268, 277, 294 
determination of arsenic and selenium in, 267 
determination of ash, moisture, and bitumin- 
ous substances in, 2 66 

determination of, in the Chance-Claus pro- 
cess, 437f438 

determination of, in coal, etc., 24.ft4.Tz 
--determination of, in pyrites, 272, 294 
determina^on of, in soils, 862^ 

* .. j eterm ^ at i°n of total, in heating gases, 239 
determination of, in vat liquor, 427 

determination of, in vat waste, 436 

* determination of, in zinc blende, 289, 293, 

298 * 

from gas residuals, £70, 294 
native, 264 

specific gravities of solutions of, in*carbon 
n bisulphide, 269 0 


Sulphui ilioxiilfe : *11 ay, csliimtiiuii JH4 
* iu kiln gAWK, detmmuatiun of, #300 « 

.V<§ itfti* Sulphurous acid and Hu^dumui 

# * 

Sulyhmuial hydrogen, See Hydrogen mi! 

%hkk i 

Sulphuric arid, 34b , 
analysis of, 359 * 

detection and estimation of arsenic in, 3b. 
3H3 * * 

Bettendorf teat, 37^* 

* Gutzcit test, 374 

Marsh-Berzelius tea, 363 
Rctnsvh test, 374 
determination of, 277,^77 
determination of hydrochloric add, 383 
determination of iron and lead, 380 
determination of nitry; acid, 379* 
determination of nitrous acid, 343, 377 
determination of sulphur dioxide, 377 
examination of, 339, 377 
fuming, 33$ 
analysis of, 387 
boiling point*, 385 
melting points, 385 
specific gravity, 386 

gases in the manufacture of, examination of, 
333 

acids, 336 « 

nitric oxide, 338 
nitrous oxide, 340 
oxygen, 334 

manufacture, 333 ^ m 

melting and boilidg* points, 358. 385 
and nitric acid, mixtures of, 331 * 

specifier gravity of various strengths of, 348 
standard, 82 

Sulphuric anhydride, determination of, 387 
Sulphurimeter, the, 265 

Sulphurous acid : deternpnation of sulphur 
t dioxide in, 304 
kiln gases, examination of, 299 
manufacture, 264, 294 
solutions, specific gravities of, 305 
t 'SV* also Sulphur dioxide 
Sulphurous anhydride, liquid, 305 
See also Sulphur djfl x i de 

Temperature, measurement of, 172 
Tenax ” apparatus, for estimation of dissolved 
gases in water, 827 * 

Test papers, 79-80 
Thalpotasimeter, 175 
Thermometers and thermometry, 17, 
^♦Thermophone, Wiborg’s, 177 
Thiocyanate, 564 # 

Thiosulphates, iodometric determination of, 
117 

Titration, vessels for, 54 
Tobacco smoke, §to 
Trass, 674 

examination of, 676 # 

Turmeric : as indicator, 78 
paper, 80 

* 0 

Vat liquor and •waste. See under Sodiufn 
carbonate * 



SUBJECT INDEX 


985 


Yessci*, "calibration 0^3-46 ^ 

Vicat needle 706 # 

V^lmmjmeter, Schumann’s, 698 • 

Volumcnometcril'or mortar, Itf ichatilis, 670 
Volumetric analysis, calibrating and sta^lard- 
• king apparatus for, 31 9 


VVaTBK*: analysis, interpretation of results of, 

793 , * . 

Iflcteriologicai examination, 789 
counting the bacteria, 791 # # 

nutrient gelatin, 790 • 

gtjical examination, 736 # 

acidity, 738 

alkalinity, 737 * * • 

ammonia, 765 

ammonia, albuminoid and proteid, 769 

calcium, 764 m 

carbonic acid, 762 

chlorine, 750 

dissolved gases, 776 

hardness, 739 

hydrogen sulphide, 786 

iodine, 751 

iron, 7 

lead, tyy 

magnesium, 764 

methanes 777 

nitric acid, 751 • 

nitrogen (^dissolved), 777 
nitrous acid, 759 


Water, chemical examination (coftfd,): 
oxygen absorption, 742 
oxygen (dissolved), 777 
# phosphoric acid, 762* 

potassium, 764 * 

residue on evaporation, 736 

• silica, 748 / 

sodium, 764 • 

sulphuric acid, 748 

drinking, 733 

for boiler^ and other technical purposes, 
S 99 

# te sts for, 800 
microscopic examination, 789 

physical examination : clearness, colour, 
smell, and taste, 734 
temperature, 734 
Weighing, 19 

Weldon : mud, examination of, 485 
•estimation of “ base,” 486 
estimation of manganese, 486 
estimation of manganese dioxide, 485 
jirocess, the, 485 

Zinc blende : determination of fluorine and 
available sulphur, 293 

determination of lead, calcium, magnesium, 
arsenic, and carbonic acid, 292 
determination of sulphur and zinc, 289, 
298 

Zinc oxide for glass-making, 629 
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Adam, E. —glass, analysis of, 646 * 

glass, detection of boric acid in, 642* 
glass, lead, 6$o 

Adexiey — water, apparatus for extracting and 
analysing gases in, 780 
water, dissolved gases in, 785, 786 
Ahrens and Gilbert— perchlorates in presence g 
of iodate, determination of, 321 
Alberti and Hempel— saltpetre, examination of, 
319 * 

Allen — hydrochloric acid, purifying, for the 
Marsh test, 373 

Amsler and Laffon — cement, apparatus for 
examining the permeability of, 713 
Andrews — sulphuric acid, determination of, 
278 

Angerstein — sampling auger, 14 
Appert and Henrivaux — glass, estimation of 
alkali in, 649 

Arens, See Lehmann, 901 
Arnould — chloride, chlorate, and perchlorate, 
estimation of, in mixtures, 322 
AtteAerg — arsenic in sulphuric acid, determina- 
tion of, 384 

Autenrieth and Windaus — sulplTite and thio- 
sulphate, separation of, 432 
Avery and Dales — ircm, purity of electrolytic, 
107 

Aykroyd. See Richardson, 434 

BACHOFEN. See Lunge, 499 
Bailey, G. H. — air, determination of sulphurous 
acid in, 885 

Balthaser. See Frost, 293 
Barbieri and Neppi — ferrous oxalate for stan- 
dardising permanganate, J05 
Barthel— petroleum burner, 31 
Baud — baux^e, analysis of, 606 
Baumann, A. — gas analysis with the azotometer, 
126 

Snanganese ore, estimation of active oxygen 
in, 480' 0 

standardisation of acids, ^9 ** * 

*5aur and Cramer — calcium carbonate in lime- 
stone, apparatus for determining, 660 
> Bauschinger — cement, apparatus for applying 

the abrasion test to, 714 
expansion of cement, apparatus for testing, 
707 

Bayer — potassium, d^terrainatfon of, 524 
Beck, H. — oxalic acia solutions, sterilised, 95 
BeCkurts-^odates in saltpetre, determination 
. of, 307 

* iodine in nitric acid, tesf for, 331 


BeiUtcin ufid G rowset -aluminium sjffphaif, 
estimation of bee ;u*l in, 616 * 

Berdel— days, analysis of, 58b 
Berg— iodine and sulphurous add, reaction 
between, 116 * 

Bergmann— burettes, d<&icc fur reading, 47 
Herthelot— calorimeter, bomb, 254 
Bertrand— arsenic, determination of, 37 1 
Bettendorf— arsenic test for, 376 
Beutell — float for burettes, 48 * *** 

Bevan, See Cross, 66, 618 
Biltz— ferrous sodium sulphate for standardis- 
ing permanganate, 10S 

Bischof, C.— clays, determining refractoiines* 
of, 577 

Blacher — water for boiltypj, etc., examination of, 
805 

Black, O. F. See Sanger, C. R., 376 
Blake. See Letts, 872 
Blakey. See North, 85, 90 
Blattner — eau de analysis of, 516 

lime content of milk of lime, 484 + 
and Brgsseur— arsenic in pyrites, estimation 
of, 282, 283 

perchlorate in Chili saltpetre, determination 
of, 320, 322 

Bleier, O. — measuring vessels, 53 
Blount. -Skc Stanger, 693 ^ 

Blum, L. — aluminium sulphate, analysis of, 610 
Bbckmann — arsenic in sulphuric acid, deter- 
mination of, 384 

litmus as indicator, 68 ■ 

nitrate in saltpetre, determination of, $1 i 
salt, determination f moisture in, 401 
sulphur in iron ytyri^ determination of, 
29S 

^ Btlhrae — cement briquette^ hammer for mould- 
ing, 7 r8 f 

Bone, W, A., and R. V. Wheeler — gas analysis 
apparatus, 219 r 

Borntrliger— potassium hydrogen tartrate as 
r * standard to* acidimetry, 93 
Bousfield *hnd Lowry— sodiur^ hydroxide 
solutions, preparation of standard* from 
sodium, 96 

sodium hydroxide solutions, specific gravity 
of, 463, 4S4 

Boys — gas calorimeter, 230 
Brasseur. See Bkttnqj, 282, 283, 320, $33 
Bredig and Winkelblech— indicators, theor/bf, 
59 

Brftlee. See Kohn, 108 „ 

Brown, H. T., a&d Escom be— carbon dioxide 
in air, estimation of. 873 #* 
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Brown, j. C.— sewage etc,, determination jof 
• ttUrdg&i in, Hi 8 

Byuwnjpg and, Howe— sulphur compounds, 
estimation* of, i* soda* mother liquors, 
fl 433 t . | 

•Ihuhn#'— iodine solutions, standardising, by 
• bichromate, 115 • 

Biund% Q.-*-hydrogen and methane, combus- 
tion of, 2 1 1 

Hr tinner — -slates, examination of roofing, 603 
Buchanan— borax as«basis in acidimetry, 88# • 
Bullnhcimcr — fluorine in zinc blende, defer- 
- nation of, 293 # 

iTunserw— absorption coefficients of gases in 
•water, 225 * • • 

bleaching powder, analysis of, 501, 502 
iodometric methods of volumetric analysis, 
11/ # 

Bunte— gas burette, 195 

Burgess, T. W.— tintometer for water, 735 • 

Busch— nitrate in saltpetre, determination of, 

CAUWKLL. See Macfarlane, 219 
Callendar, jy,. — pyrometer, electric resistance, 
179 # 

•Carpenter, T. B. — sulphur, determination of 
moisture in, 266 

Caspari — perchloric redd, preparation of, 523 

Chambers. See Morse, 89, 109 

Chancel— sulphurimeler, 265 

Chapman and Law — arsenic, determination of, 

37* * . . 

Chlopin — oxygen in air, determination of, 867 
Choriey? See Plimpton, 122 
Christie. See Treadwell, 493, 494 * 

Ciar and Gaier — sulphuric anhydride or fuming 
sulphuric acid, analysis of, 388 
Clark — arsenic in pyrites, determination of, 284 
sulpf^r in pyrites, determination of, 277 
water; determination of hardness of, 740 
Clarkson — “rapid sampler,” 10 
Classen — iron, electrolytic, for standardising 
^ permanganate, 107 
^Clennel — cyanogen, estimation of, 551 
Cobb, J. W. — glazed bricks, testing, 596, 602 
Cohen, J. B. See Oddyjf rot 
Cohn, A, I — indifuors and test-papers, 55 
Cone— pyrites, distinction between ordinary and 
magnetic, 289^ • 

♦Conroy — ferrocyanides, estimation of, 562 
sodium ferrocyanide, manufacture of, 563 
Contat*~iron wire, apparatus for dissolving, in 
acid, 106 

Cramer, E. See Seger, H., #02 # •• 

Crato, E»— potassium bi-iodate for standardis- 
ing normal sodium carbonate solution, 93 
Crismer— thiosulphate, potassium chromate for 
standardising, 12 1 * 

Croasdale, See Hart, 89 
Cross and Bevan — alumina, titration of, 66, 618 
Qushman — pipette, in^roved form of Ostwald, 
43 


Dales. <See Avery, 107 
Dauv<5 — copper sulphate, 
• fox' acidimetry, 89 


el^trolysis of, as basis # 


Davidson. See Kolb, 513 • 

Ddbourdeaux — manganese ore, analysis 0^481 
# De Hpen — ferrocyanides^ estimation of, 561 
sodium ferrocyanicJe ' in “vat liquor,” 
estimation of, 427 

De Koninck — iodine, pi^paration of pure, 119 
• permanganate lolutions, actio,n of, on rubber, 
102 1 

starch solution, 114 

Denham, H.£. — hydrogeifand methane, com- 
bustion of, 2 il 

Denig 4 e— bleaching powder analysis, 500 
Desbordes. See G auntie tt, 175 
Deville — furnace, universal, 32 
Diamarit — potassium, determination of, 326 
Dietrich — nitrogen absorption tables, 128-130 
nitrogen, table for weight of 1 c.c. of, 129 
Dietz and Margosches — thiosulphate, standard- 
ising, by potassium chlorate, 121 
Di& — bleaching liquors, analysis of, 512 
Divers — nitric acid, absorption of, in gas 
analysis, 339 

Dobriner and Schranz — sulphuric acid, fuming, 
analysis of, 393 
Donath — arsenic, test for, 376 
DreEschmidt — carbon monoxide, absorption of, 
by cuprous chloride, 210 
methane, combustion of, by a hot platinum 
wire, 214 

Prussian blue, analysis of, 560 
Dupre — burettes, reading, 50 
cochineal as indicator, 78 
perchlorates, determination of, 321 1 

titrating, vessels for, 54 

Volhaid’s method of permanganate deter- 
mination, 109 

and Kupfj^r — potassium tetroxalate in acidi- 
metry, 92 * 


EbelinG — iron in sulphuric acid, determination 
of, 381 

Eichhorn — areo-pyknometer, 163 
Engel and Ville — Poirrier’s blue as indicator, 
78 

Engler and Wild — ozone in air, test for, 881 
Erck — perchlorate in Chili saltpetre, determina- 
tion of, 320 

Erdmann — float for burettes, 47 
nitrous acicPin sulphuric acid, estimation of, 
361 

Erdmenger and Mann — cement#apparatus for 
finding specific gravity of, 699 
Eschka — sulphur in coal, determination of, ^ 45 ) 

246,421 „ TT .. 

Escor^be.^ See Brown, H. T. , 873 

• m 

Fabre — pot^sium, determination of, 526’ 
Fahlberg and lies — sulphur in pyrites, deter- 
mination of, 277 

Feichtinger — santorin earth, 675 
Feld — sulphur, determination of, 432 
Feldhaus — cyanogen in cherry laurel and bitter 
almond waters, estimation of, 548 # 
Fellner— hydrofluoric acid in air, estimation of, 
904 0 

Fenton — saltcake, determination of total sodium 
in, 408 * 



988 


INDEX * 


F^^pyir0!rapt«r, radiation, I?S 


:«9 


-addlmetryi iodoroeuk method of* 


Ft hunger and Elsner’~~aoap solutions, analyri# 

©T, ' 


67 


Finkener —• Iodise an$ sutohurous acid, u- 
action between, 11 5 1 • 

Fischer, F.~~ca!orimeier?2$o 
chimney gases, loss of heal from, 238 
coal, determiimtifh of carbon and hydrogen 

in, 248, 34^ . * 

coal, determination of nitrogen m, 24? 
gas analysis apparatus, 198, 315 # 

gas calorimeter, 236 

gases from a Bessemer converter, sampling, 
192 

Fischer and Philipp — dimethylaminoazo- 
benzene as indicator, 67 
Fleischer, M. — soils, determination of sulphur 
in, 863 * 

Fleming-Stark— Orsat apparatus for chlorine, 
simplified, 495 

Fletcher — anemometer, 170 « 

Fodor— carbon monoxide in air, estimation of, 
890 

Forster, F, — glass, action of water, acids, etc*, 
on, 636 

laemoid as indicator, 75 
litmus solution, 68 

and Mylius— glass, determination of action 
of water on, 641 
See Mylius, 76 

• FtJrster, O, — perchlorate in Chili saltpetre, 

determination of, 320 
starch, preparation of soluble, 114 
Fordfhammer — clays, rational analysis of, 

• Fordos and Gdlis — cyanide^ analysis of, 547, 

554 

Fowler — sewage, etc*, determination of nitrogen 
in, 817 

and Ardern — sewage, determination of col- 
loidal matter in, 814 

Frankland and Ward — gas analysis apparatus, 

215 

Franten, H* — sodium hydrosulphite, as ab- 
sorbent for oxygen, 209 
Frerichs, G. — lead in water, estimation of, 

775 * 

Fresenius,*BL — arsenic in pyrites, estimation of, 

285 r 

Fresenius, W. — analytical results, calculation 
% of, 186 

ealespar as U for addimetry, 88 
chlorates in bleaching solutionsjdetermina- 
turn of, 511 «* ' 

sulphur in pyrites, determinatin' of, 275 
Friendenthd^indicators, sensitiveness of, 78 

* Fritseh and Venator*— aluminium plates as 

substitute fear sand-baths, 33 
Fritescke, P. — soot in factory chimneys, deter- 
mination of, 900 
Frovself. See Kohn, ^08 * 

Frtthiing— lime in mortar, determination of, 
1672 % 

Fuchs, P.— temperature corrections for hydro- ' 

* ; meters, 164 * 


CiAltJi. %,w v tar, jeo^ 

dint* R.~ toils, determining aHwaplSon mi 
mlu by, Sit m * 

Gardner tnd oih^s- permanganate, 
mirity of, io$ 

Cast As— carbon bisulphide in mt, tltimMHom 
of, 905 * * 

GauoUett and Desbordes — pyeotoefcr f, 
pansion, 175 * 

Gautter— caibon %onoxide in air, csliuuAlon 

« m of, 895 * 

Garwalowtki— bureues, filling, $1 . 
sampling |U*ger, 13 ## # 

sampling pipeue, 15 # w 

Celts* Skt Hordoa, $47*^54 * 

Gentken. Set Straw, 191 
Gerlach— Baunk degree, value of, 1 37 
Gilbert, C. — perchloraj^*, deter nfhiation of, 
321 

* Gilbert, H, Stt Ahrens, 321 
Gilbert— potassium, determination of, 337 
Giles and Shearer— sulphurous acid solutjjjos, 
specific gravities of, 305 * ^ 

Girul— iron in sulphuric add, determination of, 

jit* 

palladium wire saturated wit!T%dr©geo as 
a reducing agent, 109 * 

Glaser, F.— indicators, 55 * 

methyl orange, sensitiveness of, 62 
p.-nitrophenol as indicator, 77 
test-papers, sensitiveness of various, 79 
GlUcksmann— iodo-eosine as indicator, 76 
Gdckel — burettes, reacting, 44, 49 # 
burette for titrating hot solutions, 52 
hydrometers, marking of, *64 * 

iron wise, apparatus for dissolving, 106 
pipettes, 41 

standardising apparatus, 33 
Goldberg and Neumann — p.-nitrophcnol as 
indicator, 77 r ^ 

Graeger — ferrous sodium sulphate for standard- 
ising permanganate, 108 
Graham — bleaching powder, analysis of, 501 
Grandean— cakspar as basis for addimetr^ 
88 


Griess — nitrous add in water, detection of, 
/60 % 

Griffin and Goreham— flour*mcter, 703 
Grtar— addimetry, iodomeiric method of, 89 
r alkali, iodometric estimation of free, 1*7 
Groib Set Verwer, xo8 # 

Grossct. See Bcilstein, 616 
Grossmann—sulphide, sulphate, sulpirUe, and 
thiosulphate, simultaneous estimation of, 
430 * 

sulphuric I eld, determination off 279 
Grthi nut— sulphuric add, fuming, tut bln for 
finding the free SO* in, 393 
G riltera. Set K jester, 57, 97 
Griiuner*— nitrous acid, determination ©C # 343 
Grundmana, R,— soils, determination of copper 
and lead in, 864 * 

Gruncr— carbon In fuel, determination of ffcea, 

G rutkie wkz — ga**vo lumeter, 14$ * 

Guttraann — spent add, composki 
Gutaeit— arsenic, test lor, 374 


«tion of| 33« 
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Gyzaeder -aluminium sulphate* determination 
• af%urjpt 3 liFic add in, f*i| 

» n . 

Hahfh, F. -chimney* gauesf estimating the 
coinporilum of, 191 I 

f Uckfufll See Sand, 37s 9 

♦fliifeke* Set Vogd, 525 * 

H*ger-«>;trscfttc in hydrochloric add, test fur, 

sulphur, determination of arsenic in, 267 
Haldane* Jf * S*— air, calorimetric test for carl>#n • 
monoxide in, 89a * 

^jdrp^tterminauon of sulphur *di<»xide in, 

carbon dioxide in ;ffr, estimation of? 87 3 
Hampe— ox a lie add, anhydrous, in acidimctry, 

91 

Uarbeck afsd Lunge^ Icnxerie in air* deter- 
mination of, 898 

Hart and Croasdale—copper sulphate* electro- % 
lysis of, as basis for acidimetry, 89 
Hj^ey-sodhim as basis fat acidimetry, 88 
Haae-analyticsd balance, 20 
IlwelhafT— water* harmful quantities of sub- 
stances^ 836 

Haaencleve* — carbon dioxide in Deacon gases, 

# estimation of, 491 

Hmsirddter* V*— sine in blende, estimation of, 

2 $ p * 

Han enmir— arsenic in sulphuric acid, deter- 
mination of, 384 

Hatienschild— cement, detection of adulteration 
of Portend, 727 * 

Hawlicxek— cyanogen in 41 vat liquor,” estima- 
tJon of, 428 

I iehner— arsenic, determination of, 372, 375 
sulphuric add, arsenic in, 363 
water, determination of alkalinity of, 800 
Heim, L»~~&ir, determination of soot and 
•moktyn, 9 <xmn 

Heinrich— carbon in fuel, determination of 
fixed, 244 

Heintsei— cement, calcining test for, 709 
Mempel— calorific value or gas, apparatus for 
determining the, 4*37 
fluorine in fluorspar, estimation of, 630 
gat analysis, appamturrior, 205 
hydrogen, absorption of, by palladium, 312 
permanganate solutions, standardising, by 
oxalic add, r$3 % 

# pipette, explosion, 213 
pyrometer, optical, 177 
At Atberd, $sg 

Headfixon— chlorates, determination of, $13 
Henriques— thiocyanates «n 8 silver 
reaction of, 134 
'tottftatat* See Appert, 649 * 

Heraeuft— Seger cooes, fusion temperatures 
of, 177 * 

Herapath— iron In aluminium sulphate, deter- 
mination of, 614 

Hbrting— cyanates, determination of, $53 
flers— riae In blende* estimation of, 291 
Hersfeld—cement, determination of alkalis 

fliggl»^2tydrochioric add Solutions, prepara- 

# tlontf standard, 90 


Higgins— sodium carbonate as basis for qddi- * 
metry, 85 

JPIHgard— potassium, determination of, $26' 

II tiger— -hydrochloric tfrid, test^ for sulphurous 
and arsenious acids in, 417* 
ilille, See Troeg/r, 76, 
liiilebrand— cemdtit tmal} sis, 692 
glass, analysis of, 646 * 

Him'y, C.— effluents, detection of coal gas 
4>roducts # in, 833 # # 

Ilinmann — - potassium ietroxalate in acidi- 
motry, 92 

Ilintz — sampling, 9 

Uirsch — * titration with phenolphthalein in 
aik&iine solution, 74 
Hock. See Tratib, 75 

HfSni g — perchlorate in Chili saltpetre, deter- 
mination of, 320 

and Spitz— boric acid in silicates, estimation 
# of, 652 

Holm bind — lime in mortar, determination 
of, 673 

Honigmann— gas burette, 197 
Horsley, J*«— effluents, etc., determination of 
nitrates in, 82 1 
Howe. See Browning, 433 
Huber, H. v, — bleaching liquors containing 
chromate, examination of, 517 
Hundeshagen— sulphur in coal, determination 
of, 422 

Hunter. See Lunge, 8 

Iles. See Fahlberg, 277 ** 

Hosvay, L. — acetylene in air, detection of, 
897 * 

nitrous acid in sulphuric acid, detection 
of, 36^ 

Immendorflf— soil^ determination of carbon 1 
dioxide in, 859 

Isbert and Venator— sodium sulphate in salt- 
cake, determination of, 408 
Isler— sulphuric add solutions, specific gravity 
of, 347, 350 

JaHODA— ferrous sulphate solution, preparation 
of, rob 

See Strache, 19 1 

Jannasch— glass, analysis of, containing boric 
acid, 653 v ^ 

Japp— gas-volumeter, the, 147 
Jtfrgenscn — boric acid in borates, estimation 
of, 62$ 

John. Set Perman, 88 
Jones, 0 .— boric add, exarmna^pn of, 624 
nitrate? * Junkeqp— gas calorimeter, 226 

Juon— meSuluigicaii sampling, 9 ~ 

* % 

Kalmann— iodine solutions, standardisation 

of, 115 

and SpUller— sulphate, sulphite, sulphide, and 
thiosulphate, simultaneous estimation 
of, 431 ^ 

Kam merer— clay wares, determining stability of* 
towards acids, 602 - ^ ^ 

Kdler* See Lunge, 608 

Kessler— permanganate and hydrochloric add, 
interaction of, I02 
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* Ktegfcti, P.~*altimifiA t analyst* of, 619, 6#o 
If uni!*, analy*** of, 60$ 

Kirkbgr— Gttlsdfc test for ar*e«tte ? modified, $7\ 
Kbding, R«*-*g!att, cxtmlnaikm of, 640 
1C joUhhl — aeidlmeiry, iodometrtc method of, $9 
suad Jodlbtur-Hmwigtt, *tk # dMoroUiuticMi of 
« nitrogen in, 817'^ * # 

Xiifigh^mftr^ih^pouSimetefj 17$ 

KnieUch, R.— chlorine, pressure and specific 
gwily of ItqJh, 5*9 * * 

sulphuric add, fuming, boiling and melting 
points of, 3S5 * 

specific gravity of, $86 
table for finding per cent, of free $Q :i 
in, $94 * 

sulphuric add, melting points of, $$8 
ICndRer— burette and stock "bottle combined, |3 
Kuop—azo tome ter, 12$ 
amis, determination of absorptive power of, 
for salts, 850, 8 $9 * 

Knublauch — ammonium sulphate as basis for 
acidimetry, 88 

Prussian blue, determination of, 557 ♦ 

Koch. See Treadwell, 288 
Kochs and Seyfert— Seger cones, fusion 
temperatures of, 177 

Kdmg, ], — effluents, determination of carbon 
in, 830 

Kohn, C, A. — copper sulphate, electrolysis of, 
as basts for acidimetry, 89 
and Brisiee and Froyseli— iron, purity of 
electrolytic, xo8 

■* Kolb and Davidson— chlorates, analysis of, 513 
Koninck, L* de. See De Koninck 
Krat^hmer— thiosulphate, sodium bromutc for 
standardising, 12 1 

Krauch— hydrochloric acid, examgmtion of, 413 
• nitric add, analysis of, 330 

sodium carbonate, examination of, 460, 461, 
462 

sodium chloride, examination of, 403 
Kraut — potassium tetroxalate as basis for 
acidimetry, 92 

Kreider— 'perchloric acid, preparation of, 523 
Kreiling, r» — clays, determining the refractori- 
ness of, 578 

clays, rational analysis of, 586 
Kretssschmar — aluminium sulphate, analysis of, 
6xo, £n * 

arsenic in hydrochloric add, determination 
of, 416 

KrShnke and Blitz— sewage and effluents, 
determination of colloidal matter in, 8*4 
Khhling— cyapyanide, estimation of, 553 
potassium tetroxalate as basis for^ci^metry, 

JE&hn, I,— toil, determining coarseness of, 844 
■ 3 Kfihn^faxn?«srtiture measurement with ther- 
mometers, 174 

. >.'*ad Saegcr— arsenic, modified Marsh test 

$*v m 

Kfister^iniCScjstors, theory of, 59 
methyl orange, effect of carbonic add on, 63 
: oxalic aqd in volumetric analysis, 95 
pSenolphtoakin in alkali determinatives, 73 


sodium hydroxide solutions, standard, 
~ ~ 97 * 


Kustcr sod GRilm* £uusm hydfoIWe mH* 

* mm< standard, ff # ‘ * « 

inflhfi oiwttfpt, etta* point with* 57 
and Mfiorh-*iiydfoehlmk#dki, prlparatfoii # 
* of Maodard. 90 * 

an* Siedlcx— hydrochloric acid, pripMstioa 
of standard. 9$ * 

Kunkel— mercury vapour in a**, §#i#*»ath**i 

and £U —Ur, estimation of carbon Ufon* * 

* * oxide in, 891 * 

KftpfTer. See Dupre, 9a * 

Lanoe, A.— chlorine, liquid, proper thq/of, srT 
Langen^m^oomeier, i$| * 

Law, St* Chapman, $71 
Lean and What motigb— iodine, ptirt, from 
cuprous iodide, tao* • 

Le Gbatclicr— chimney gases, testing, 191 

• pyrometer, optical, 177 

thermoelectric, tSx 

Leerenier — lead oxide, examination of^Jor 
copper and iron, 629 * 

Ledebur— iron, purity of electrolytic, 108 
Lehmann— air, determination dLsuiphur di« 
oxide In, 886 

air, effect of the impurities to, 90S * 

aniline in air, estimation ol 90* 
and Arens— dust in ass* estimation of, 901 
Lengfeld— permanganate determination, scour* 
acy of the nitrometer method of, na 
Lestelle — sodium sulphide in black ash, 
estimation of, 457* # 

Letts and Blake— carbon dioxide tn air, deter* 
mination of, 872 m 

Levol and Foggiale— manganese ore, estima- 
tion of active oxygen in, 478 
Leybold. See Moldenhauer, 560 
Liebermann, C.— glass, alkaline reaction of, 54 
Liebig— cyanides, analysis^, 547* ISO 
hydrocyanic add, analysis of, 54H 
nodium carbonate solutions, influence of 
temperature on specific gravity of, 449 
Linderaann — oxygen in Glover tower exit ga*qt 
apparatus for estimating, 335 
Linder— thiocyanates, estimation of, 365 
Lindo-Gladding— poiawium, determination of, 
526 p 

Ling and Remile— hydrochloric add for the 
r Marsh test, purifyingf 373 
Lipp* See Schneider, 605 + 

List— arsenic in pyrites, estimation of, 384 
copper in pyrites, estimation of, *87# ap 
sulphur in pyrites, estimation of, 276 
rCocbcli— cement? detection of adulteration of, 
727 # 

Loges, Gasoils, determination of IttWf in, 

LohWer. See L\thge* §8, 74 
Lowry. See Bousfieid, 96, 46$, 464 
Lubberger— cyanogen compounds, est km$m 

of, 5 fir # # * 

Luck— phenolphthalein as Indiottor, 71 
Lnttke— litmus solution, preparation of, 61 • 

Lunge— alkali hydroxide*, titration with, 98 


from^ alumina, titmtlSn of, 66 

aluminate of sodium, analysis of, 
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I,tmg6'r-5trt«n!ou* acM jolutionf preparation ^f, 


• dacinorftftij, X23 


jwh m fuel, determination of, 243 
Dieting pawner, aaalysb^f, 50. 


„ ,504 

burette stopcocks, greasing, when used with 

• jftrtntngBnate, 102 * 

• burettex, reading, 49 * 

carb^p dioxide in sodium bicarbonate, 
eftlirttation of, 470 
Atmtiey gases, loss of heaf in, 238 
chlorine and bromide, simultaneous eating- m 
don #f, by iodometry, 1 16 * 

chlorine and hypochlorous acid, distinguish- 
Y Tug free, 510 

UtMClhvlammoazolfcnzene as intiiciftor, 67 
drips from sulphuric acid chambers, exam- 
ination of, 341 

ferric salicylate as indicator, 77 
gas analysts apparatus, modified Ors.it, 201 
gas-volumeter, 140, 145, 147 
gas- volumeter, stand for, 154, 155 
Jijiy-tooisac acid, examination of, 343 
gladl, dccom\K>shmn of, by alkali carbonate, 

* 54 

nydrochl%ic acid, determination of sulphuric 
«ddJnT4H 

iodic acid, behaviour of, with methyl 

, otmm t 93 

todme solutions, action of, on rubber, 113 
iodine solution, preparation of pure, r 19 
iodine solutions, standardising, by sodium 
sulphite, li$ 

iron, purMlp of electrolytic, 108 

iron in sulphuric acid, determination of, 

3ft 

kiln gates, determination of total "acidity of, 
299, 302, 304 

litmus and methyl orange, comparative 
sensitiveness" of, 69 

manganese ore, estimation of active oxygen 
479 

methyl orange as indicator, 61 
nitrates in saltpetre, determination of, by the 
m nitrometer, 3*5 

w nitrate oxide in chamber exit gases, detection 
of* 139 

nitrometer, 132 ** 

device for avjydiog lost of nitrous fumes 
In the, 130 

0,* and />,»riitroph0nol as indicators, 77 

• nitrous add la sulphuric add, detection of, 

561 

nitroiS add, titration of, 66 
nitrous exkta in chamber exit gases* deter- 
mination of, 340 • * ^ 

oxalic adi, testing purity of, 104 
| tmalktadd to volumetric analyst* 95 

permanganate, nitrometer method of atan- 

tm Sa5’X™.«.-ta 1 .,or,, 0 >. 

phajolpbthsddn for alkali determination, 

* 73 

Dinettes* delivery of, 4J 

. p«*Miwa trtratalate m b*aia for addinjftry, 

* sodium araenhe and thi9*ulph*te in iodi- 

* untry, 1*3 


Lunge— sodium bicarbonate as blfcis for o^idi- • 
meiry, 90 

# sodium carbonate, preparation of, as basis 
for acidimetry, 8^., 85 

sulphur in pyrites, determination of, 272, 
295 . / . * 

• sulphuric acid,€pe<a/ic gravity of, 347-1 350, 
354 

water for boilers, etc., examination of, 806 
wtfer, determination of cS^alinity of, 738 
and Bachoien— bleaching powder, strengths 
♦f, 499, 500 

# and Hurter — methods of sampling, 8 
and v. Kcier — aluminium sulphate, analysis 
Of, 608 

and Lohdfer — sodium salts, titrating certain, 
with phenolphthalein, 58 
sodium silicate, titration of, 74 
and Lwoff — nitrous and nitric acids in 

* sulphuric acid, determination of, 377, 
379 

and Marchlewski — carbon dioxide, determin- 

* ation of, 149 

hydrochloric acid solutions, specific gravity 
of, 412 

and Mill berg — alkali hydroxides, action of, 
on glass, 95 

clay, rational analysis of, 585 
puzzuolanas, 675 

and Rey — nitric acid, specific gravity of, 323, 
324 

weighing apparatus for fuming acids, etc., 
390 

and Rittener— carbon dioxide, determination 
of, 153 «T* 

carbon dioxide in presence of chlorine, 
determination of, 515 

carbon dioxide in presence of hydrogen * 
sulphide, determination of, 439 
chlorine in Deacon gases, determination of, 
494 

and Schhippi — sodium ferrocyanide in 41 vat 
liauor, estimation of, 427 
and Sehochor-Tscherny— marls, examination 

of, 683 

and J. H. Smith — sulphur compounds in soda 
mother liquors, estimation of, 433 
and Stierlin— sulphur in blende, determina- 
tion 0^98 

and Zeckendorf— carbon dioxide in air, 
approximate estimation ofj 875 
See Harbeck, 898 

Lux— manometer, modified Langen’s, 169 4* 

Lwoff, See Lunge, 377, 379-** 

MacaBno^-suIpIw, determination of, in natke 
aulphitf , 568 

M‘Cay— arsenic in pyrites, estimation of, 
282 

Macfarlane and Caldwell-— gas analysis appar- 
atus, 219 

Marcher, M.—spils, determination of phosphoric 
acid IQ, 855 ^ *» 

Mahler— bomb, 256 * „ „ 

, Mann, C.— thiocyanates from chlorides, separa- 

% tion of, 565 

Mann. See Erdmenger, 699 ^ 
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Ma&mtta mtd MouUrdd— sulphuric add* 
» WttlJttatfoll of, Mf 9 

Makhlmki, luw, 14% 41$ 1 

Marcllti— sulphur, dtawmlitaiiott of, in *mi*e 
sulphur, AS 

Ma?»h«^fi§etilc test* |$$ % 

Marshall* A,— sulphwhytdSl standard, 90 * 
Marx anti Trommsdot fP-nttric add in water, 


Hone sad Chi mbm-w perm* nganite 
jtaadtodUatloii oT 109 * 

Motfm, AV* Wardan, 91 
MoutinU. &# SlaiWmifi, m 
Muller* F* C* U. —sampling ctflocm*. 


solution* 


determination of, 7S4 
Maynard-riime, adllyai* of, 483 » 

Meade— sulphuric acid, preparation of standard , , 
by electrolysis of copper sulphate ^90 
Metneke —iodine, preparation of pure, lao # 
iron alum for standardising permanganate, 
109 * 

potassium bi-iodatc as basis for addimetry, 
&9* 93 

potassium tetr oxalate as basis for acidimetry, 
92, 105 

sodium thiosulphate, purification of, 117* , 

thiosulphate, potassium chromate for stan- 
dardising, 12 1 

MehsL Set UTbricbt, 92 * 

Mennicke— chlorate, perchlorate, and chloride, 
estimation of, in mixtures, %m 
Messner— laemoid as indicator in titrating 
cinchona alkaloids, 76 

Metzi— iodine solutions, standardising, by tartar 
emetic, 115 

Meyer, F,—zmc in blende, estimation of, 
291 

Meyer, F. M. — Portland cement, volumemeter 
*♦ for, 700 

Meyer, V., and Riddle— pyrometer, air, 175 
Mey^— generator gas, apparatus for the 
analysis of, 205 

Mtcha&lls — cement, apparatus for jamming the 

* permeability of, 712 * 

cement briquettes, apparatus for removing, 
from moulds, 7^o 

* cement, determination of alkalis in, 694 
cements, apparatus for measuring the tensile 

strain of, 721 

< mortar-volumenometer, 670 
volumenometer, 590 

Milbauer — cyanates, determination of, 553 
MUlberg. Su Lunge, 95, 585, 675 
Miller — ammonia in water, determination of, 
768 ^ + 
tropEolm 00 as indicator, 76 
Mohr, F» — oanlic acid as basis for alkalimetry, 
83 

, *- ^)ver nitrate in volumetric analysis, 123 
Mohr — acidimetry, iodometric method of, 89 
calcium la water, determination o£ 7^4 
ferrous ammonium sulphate for swndardbing 

* '*■ pearmanganate, im r f 


Multer, F. C. U, sampling emtttM*, $09 
wJler, apparatus for estimating Hiisotircil 

fane# Id, If 7 • * 

Mailer, G.~~ hydrometer, differential, *Aj 
Muller, M«-~gfcu», esUmsilcm d alkali in, 649 
Mailer, W> A. —sulphur k add, determination 
, * of, tlo » 

MUnch, Sr# Raster, 90 # 

Muncke— gas burner, 29 m + 

Murmann— xitw in blende, etiiroatiotvof, 2«p 
M uiabtfckrMwriiim ffliosulpbate soFition, 
normal, \tt 

starch solution, preservation of, 1 14 
Myllus— glass, action of water, adds, etr„ on, 
$36, 640 

> and Fflrsttr — iodo-eoaine as Indicator, 76 
Stt Fdrster, 641 

Naef— sulphuric acid solutions, spedB^gmSity 
of, 347, 3 So 

Nahnsen— copper in pyrites* ee&gptloit of* «86 
National Physical Lateatcuy^sbwMardSimtjon 
of vessels, 3$, 36* 41 * 

Nauraaan. Sin Goldberg* 77 * 

Nauss— Prussian blue, mtxmmdm of* §fl 
Neher— arsenic in sulphuric add, determination 

of, 384 

Neitzel— sodium as basis for aetdimetry, 88 
Neppi. Stt Barbier^ 405 m 

Nessier, J.— ammonia in water, determination 
of, 765 

Neubauei*— potassium* determination of, 527 
Newbury — calcium and magnesium, volumetric 
determination of, 663 

Nicloux— carbon monoxideen air, estimation of, 

Nikaido— -sulphuric acid, determination of, 279 
Nobel— sand in day, apparatus for estimating, 


. j and Xeybold— -Prussian blue, 
. -1 analysis of, 560 

, Moody, 0 . X— hydrochloric ^acid solution, 
> • pi^artrion of nojxnal, 90 ' 

^—atapiioium sulphate, determina* 
' ; %n of See add in* 6x4 
Morse and Cham bears — hydrogen peroxide, use 
^ j of* as basis for acidimetry, 89 


Noll, sewage, determination of oxtdisabilite 
of, 815 0 

North and Blakcy— sodium bicarbonate as basis 
for acidimetry, 91B 

sodium carbonate, prepa^ftion of pure* 83 
Nourisson— chlorine, examination of electro* 
' lytic* 49S # 

m 

Oddv and J. B. Cohen— permaogaimte tolti* 
tions, stability of, soi * 

Orsat— gas analysis apparatus, 198 
- Ost wal d — I i^dioCors, theory of, $9 
pipette* 4a «** 

pipettes* delivery of, 4X m 

Otto— arsenic In hydrochloric add, test for, 41 $ 

Parnell— “ vaf liquor, * f estimation of silica* 
alumina, and iron in, 428 * 

Parr — calorimeter, 356* m 

Passon— limestone, analysis of, 483 
Peake, St* W&rmgtoa, 838 
Pecflt— velocity of gas current* calmtlatlon of, 
from maoomerbr readings* 169 A 

P«K>t— bleaching powder, analysis dk &0| m 
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Perraan ^nd John— borax as Jjasia for acidi- 
* # mfetry, 88 ♦ * 

Perrot*~ga3*$ven, 30 •* 

. Peterseft—acid in coloured extracts, beer, etc., 
determination of, $9 • 

Petricci^li. See Reuter, 12a # 

*Fettenkofer — carbon dioxide in air, determin- 
ation of, 870 # 

Pettersson~*~!arbon dioxide, determination of, 
•149 # 

Pfeifer — magnesium in water, determination of, 
764 * f # 

Pfeiffer, O.^yrometers, modification of thermo- 
&4ptrxc, 283 • 

sulphur ip gas residuals, determination of, 27 1 
Philip, See Fischef, B., 67 * 

Pillitz, W., and N. Zalomanoff— soils, deter- 
mining absorptive power of, for salts, 850 
Pincus — calcspar as basis for acidimetry, 88 
Plimpton ana Charley — barium thiosulphate 
for iodimetry, 122 % 

Poggial* See Level, 478 
P4htfeJc*-nitrous oxide in gases, determination 
of, 340 

Pantag— carbon monoxide in air, estimation of, 
894 * 

* tobacco ^oke, 910 

Pontius— bleaching-powder, analysis of, 503 
Poppenberg.* Sift Wohl, 248 
Precht— magnesium % potash salts, determin- 
ation of, S3* 

See Rtiitger, $34 
Preussc. See Tiemann, 759 
Priasep— temperature measurement by observe 
ing Juston of alloys, 1 76 
Prost and Balthaser— fluorine in d$c blende, 
determination of, 293 

QWNCKE— addim«$ry, standardising solutions 
for, 92 

# * 

Raoult— gas burette, 195 
Raschig— alkali hydroxides, titration with, 98 
hydrochloric add solutions, preparation of 
0 standard, 90 

iodine and #u*phur*u» add, reaction between, 
116 

sulphuric add, estimation of, by benxidine, 
iSo, 281 m 

Rasenadt— potassium chlorate, analysis of, 498 1 
j^eed— selenium in sulphur, determination of, 

* Rtddb-julphur dioxide In kiln gases, determin- 
atiem of, 300 

Reinhardt — permanganate, duration of bon 
solutions with, *09 t ^ 

Relnltxer — ammonium chloride as basis for 
lAldlmetry, 88 * 

litmus as indicator, 68, 6% 70 
ReiniKh— arsenic, test for, 37 * 

Reuter and Petricdoli— arsenious acid solution, 

% m preparation of decjpormal, 132 
R*y— Boat for burettes, 48 

* m » pu* m t . , 

Richardson and Ay Screed— sulphate in soda 

* mother liquors, estlmatUn of, 434 1 

Richm(**J — borax as basis for acidimetry, 88 


Richter — potassium bichromate -as basis for ^ 
acidimetry, 93 

J iddle. See Meyer, V., 175 

iegler— iodic acid as basis for acidimetry, 89 
* nitrous acid, determination of* 343 

nitrous acid in sailphuric acid, detection of, 

• ,. 361 . / # 
oxalic acid solution^ preparation of, 10^ 

sulphuric acid, determination of, 279 
Rimbach and Worms — J^orax as basis for 
tcidimetjy, 88 

• Rittener. See Lunge, 153, 439, 494, 514 
Robert &nd Roncali — hypochlorites, determina- 
• tion of, 509 
Ryssler—gas oven, 30 

Rdttger and Precht — sodium in potassium 
chloride, determination of, 534 
Rolland, See Schlbsing, 198 
Roloff — indicators, theory of, 59 
Roijpli. See Robert, 509 
* Rose — potassium, determination of, 524 
Rosenbladt — boric acid, estimation of, 653 
glass, detection of boric acid in, 643 
Ro&nfeld and Silber — rubrescin as indicator, 
76 

Rosenlecher — sulphuric acid and anhydride, 
analysis of, 392 

Roth — hydrochloric acid solutions, preparation 
of standard, 90 

Ruber — specific gravity, determination of, 163 
Riibner — mercaptan in air, detection of, 906 
soot in air, determination of, 90 x 
RudorfF — drying precipitates on filter papers, , 
28 

Riirup— hydrochloric add, determination of 
sulphuric acid in, 414 ** 

Rhst — manganese oxalate for standardising 
permansptnat^ 105 

Rupp — sulphur dioxide solutions, titration of, 
with iodine, 1 16 • 

SABECK— clays, analysis of, $85, 587 
Salra— indicators, sensitiveness of, 78 
Salomon, R— barotfaermoscope, 148 
Salxer — borax as basis for acidimetry, 88 
Sand and Hackford— arsenic, electrolytic deter- 
mination of, 372 

Sanger, C. R,, and 0 . F. Black— arsenic, 
estiraatioxLof, by the GuUeit test, 376 
Sauer. E. & 7 Weber, R., 636, 640 * 

Schaak, M.— boric add, estimation of, 626 
Scheibler and Dietrich— caldum carbonate in 
limestone, apparatus for determining, 659 
SchUppi — arsenic, determination of, in sulphur, 
267 m * 

See &tn£t, 427 
Schlaud— cjjanogetf, estimation of, $32 ** 

Schliekum— alsenic in hydrochloric add, detec- 
tion of, 42 St 

Schl6dng— nitrate in saltpetre, determination 

of, 327 

soils, analysis of, 847 
and Rolland-*-gas analysis apparatus, 198 
Schloesser— expansion of glass, corrections for, 
36, 37, 38, 46 * * * 

* pipeWea, delivery of, 42 
% standardising apparatus, 33 


3 ** 
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* Schlocutr^hlorine, Mm»iion of, in Priemt 

# f tics, 49s 

Schmtol U-~ titration with phenolphlhalciti in 
afkaUms solution,## , \ 

Schmidt, W.— burette for titrating several* 
solutions, %% % 

* Sdhmite*Oumon(^»fhon%iiutphide in sir, 

'bitimaiitm of, 90& # 1 

Schneider ittd Ltpp— bauxite, analysis of, toy 
Schoch~~cemctH ^jja lysis, 692, 691 

lime, shking power of, W » * 

SehochoteD^hcroy, St* lJW«h 6H| 

Sch 5 ne— hydrogen peroxide in air* 8^ 
mn& in day, apparatus for wiitiul mg, 69# 
Scholu— chlorates, determination of, ji| 
Scholvien—potasaiom chlorate, detection «d 
nitrate in, StS 

Schondorff— cole from various coals, character* 
Utict of, 245 

Schr&nz. Srr Dobrincr, 39$ # 

Scbttltae— expansion of liquids, corrections for, * 

SetatL Md Tiemann — effluent*. drtrnnirwtiwt 
of nitrate* In, 822 

nitric add in water, determination of, 753 
Schumann— voluroetocter for cement, 698 
SobeHm— oodiura carbonate, purification of, H 
Soger*— days, determining refractor tomi of, 577 
my*, rational analysis of, $36 
wee, fusible, 176 
differential manometer, th 7 
gas oven, $0 

Seger, H*> and E. Cramer — ekywaret, deter* 
mining stability of, toward* adds, 6 ot 
Seidtnmm perchlorate in Chili saltpetre, 
^termination of, po 

Sell determination of residue on 

fifaA 3 and Weioig^aramootum chtorkiL as 

i J * ^jpipp ®0T WWiawtiy, w 

; 6eyfe*k Each*, 177 
' Sabamav S^&k^m 
StoKm* r f po 

Siewt^-nitmte hr saltpetre, estimation of, |io 
* -Mlmv die Rotfpfef d. 76 
l^lherberge add, precipitation of, 

; u _’ - f Smte chlodde, 377 
j. ; §§ehk«^ electric rmtt&ncc, 179 



Spiegel ~p,*«» jr ophtnol a* mdhstof *7^ 

Igii flatcar lam mooodkle in airypttimatloOi&f, 

Spite, AV# 6$^ 4 * 

Sptdler. JOMmann, 41* * 

and lllmntv ^tment analytic 693 * 
Stead *gs» safn$d«r. 191 # 

Sur»nhrnrk*Schmrlslr * -cement apparatus fo» 
preparing te%(* piece* >»f. 71*? * 

Ste| helm, .W £ymor.t, 872 * 

Stieglil*' ~tfi 4 ia»ntt *. theory of, 59 
Ijficrlin .W f.uugc, a^H 
St? ache, JohndU, and (»fr,ik«in — ’’d^utalymior^ 
*<#* • k m* **** 

Sir- c»f "jhiter papers, increase in* weight of, 
on drying, a* * 

Sugm~ lurium hydroxide solution, standard, 

nitrate in saltpetre, determination of, 300 
Stiltdtlroiii - ^wlium Uesf toi«jtte»analy*fl 0C469 
Symons and Stephen*— tar Urn diosklfi in air, 
estimation of, $7$ 9 

Syntewski— *Uf« h, preparation of 

TAUItfl-^iwUftt!*. analysis of, 607 * 

T«cl«i~"*g** burner , $0 » **** 

Telle -sulphuric and. deter minatMl of, 179 * 
Trtmajcr «— cement briquette*,* rammer for 
moulding, 719 * 

cement, permanency 6f volume of, 710 
Thiele and Richter— cal caps* r as basis for #ddi* 
snetry, 88 

Thompson, l —calorimeter, 1&0 
Thomson* R, T.«- Camgu red a« Mkhrstor, 77 
din>ethyUminowrobeniCf>e m indinaior, 67 
indlca.^fs, bsskhy of idd# towards, 74, 73 
methyl orange, di 
•odium silicate, timtimi of, 74 
stilpfeurcmi acid, tltfttiop of* tisStsg litmus m 
Indicate, 6$ 

Thomion* W^Hymtnlc, eld»»roiytii|4le tarmins* 
^o« of. 37 * 
oilmiaietef, 

TUmmn sod Pretm#--nlnr#uii acid In water, 
determinstiots of, 7S9 % 

Sw Schulxe, jr S3. ^*8# 

Tojd— thltHulfdiate soluUoos, prerpirsiion of, 
tat 

Tf»ub and II ock «-ln«mf 4 mai indicator, 7$ 


Ssfmmm KQ^ Ahndy— <om#*etk>o records m Twdwttll—e^rison dioxide m chlorine, hufttte 


. t9I 

add, determiMttero 
by hon, toS, 


nmil* 
0x9 

r* if % 


sodium 0 xsJafce foe itendii^iijgf igtimm*' 
a gahatevioi 1 > # # 


for eeUm«lit)|r y 49* 
drying cupboard* to 

iodine s<dotbo* 5 sdm of diStite, whh starch, 

1*4 w 

iodine 90btkm« prepmtkm of pm re, Ilf 
broth eMroym, for stsnd|fdlsh^ per* 
ms.^trmte, to| ^ 

porM^oste soMon% ft&hiify of, foi 
potftsiiwm bidodete, portly of t x«o 
thiosutpbxm wdshoos, pceparmtion oC, mi 
titrations with methyl orange, 63 
and Chrlstio-^lori^it In gam, cwlrnttidb of* 

end ^^te^twhoo fa pyrlte^ eettmtdlon of, 

letcrmimticm of free cstrMdt 
acid in* yds m e 
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Troeger* ami Ilill« 


-soils, ‘determin^jon of sulphur 


# t f 

ditinimojuoioluene- Wahnschaffe, F, 

• iiyphaiik w Wioitor» 76 » in, 863 

Tfotmlp— iimnic, Marsh-Hcrxeitus te& for, a soils, examination of, 841 

37 * * * j^alker — iodic gcid for • standardising thio- 

# * j? sulphate, 121 

1 m Walland — sa) 


ftftltijir and M«i»st'~pota*ttatntttroxafete a 
* hath for ftttdimctry, 93 
UhKii'-tailraje in ialtpefre, determination of, 
*310,311 

muk add in water, determination of, 753 

VaH IlKtUKXLMVttft-- perchlorate in sodifcn* 
m ftuaie£ict«aion of, 307 
Vtataflir’ bleaching powder, analysis of, 506, 


S&f * * « % 

rJuofitic, weight ml «u% of, 507, 508 
permanganate determination, accuracy 
method* of, t tt 
Veley and Manley -nitric acid, specific gravity 
of, 334 

V«rubl« -'‘hydrochloric acid, detection of iron * 
in, %l$ 

VhdkUAr, S*i Ftiuch f 23 
Sh fifactrt, 408 

V*n«er and G roll— iron, purity of electro* 

*V*gn<m nm Mctmicr —water for boilers, etc, 
ei&tniaaiion of, 802 
Vdle See engcl. ifL 

Vogel and KUlcke-^poiMsium, determination 

' of. 

Vobl, H.— effluent, detection of coal-gas pro- 
duct® in, 833 

Vothard-Hcnlohdet, estimation of, in presence of 
thitftyanAiet, 566 

Wine and sulphurous acid, reaction between, 
si$ 

permanganate, iodofnetric determination of, 
109 

thiocyanate nolution, standardising, by stiver 
nittst*, np 

U^oqrtaiM, estimation of, 566 
Volltrs— crtidble, improved Gooch, 26 
Vm Jhptner— aurbem in fuel, determination of 
& fitted, 144 
Von Kiim, turtle, 608 
Vm Knorvv*- muds ox$e in chamber exit 
gates, dttentunation of, 339 , . 

Vm Thm^ymmum bModite as basis for 
addinwiry, 89 # 0 

%4liD«X-"indl«E4»ori, theory of, 59 
9 W*go% j,— indicators, da^ifieatlon of, $0 

Mlcttort, theory of, 59 

SSS5S2£*’5 , * i 5» - w 

tetrox&iato at basis fof addlmetry, 
9 * 

Waga^umtomet^ 1 3 * * 

burette*, time of delivery of, 41 
, Shogtn determimaiion by the aiotometer, 

♦ is& 1*7 

» standardising apparatus, 33 

thfo#ul»h*te, potassium bichromate* for 

• ttSirdA nt * f 

# ivtigli log to air, correction for, at 


of 


iaitcakafdetermination of calcium in, 
406 ¥ . • 

\Vanner— optical*^yr%neter, 177 

Ward. See Frankland, 215 

Warder — alkali in normal carbonates, estimation 

*f> 73 « . • . 

Warington and Peake — soils, determination of 
cafbon in, 858 

Watson — soda vat waste, analysis of, 436 
sulphur in iron pyrites, estimation of, 29 5. 
Wdowiszevvski — ferric oxide for standardising 
permanganate, 1 09 

Weber, R., and E. Sauer — glass, action of water, , 
acids, etc., on, 636 

gkss, examination of resistance of, 640 
Weber — cement, apparatus for measuring crush- 
ing strain of, 725 
Wedgwood — pyrometer, 176 
Weinhold — thermometer block for temperature 
measurement, 174 
Weinig. See Seyda, 88 

Weldon — chlorine manufacture, examination of 
liquors in, 485 

Wells — potassium tetroxalate as basis for acidi- 
metry, 92 

WelzeL See Kunkel, 893 
Whatmough. See Lean, 120 
Wheeler, R. V. See Bone, W. A., 219 . 

White, A. H. — aluminium sulphate, determina- 
tion of free acid in, 616 
Wiborg — thermophone, 177 m t 

Wxernuc, J, and S.— magnesium chloride m 
sodium fhlori^e, determination of, 4 02 « 

Wiesnegg — -gas burner, multiple flame, 30 
Wikander. See Seybel ,^76 

Wild. See Engler, 881 

Wildenstcin — sulphuric acid, determination ox, 

378 c 

Wilsing— sulphuric acid, determination of, 

278 

Windaus. See Autenrieth, 432 
Winkler, C.— burettes, reading, 44 t 

carbonates, titration of, using phenol- 
phthakin, 72 

carbon monoxide, absorption of, by cuprous 
ohloride, 210 # 

explosion pipette, 2x4 
gas burette, X94 . , . 

nitrous oxide in chamber exit gases, o#ter- 
mination of, 340 ** 

oxalic a«4d } preparation of pure, 91 
oxygen ip Glovtr tower exit gases, apparatus 


Witikw* 1 *«•« »*» r"". „ , « 

of oxygen, nitrogen, hydrogen, ana carbon 

monoxide, 225 . 

water analysis, 74 a ? 743 * 75 °* 7 & 3 * 7 ^ 7 > 773 > 

777 » 787 * * 

water, determination of dissolved oxygvo 
*782 

water, dissolvecUgases in, 785, 78b 
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